Cognitive-affective interaction in the teaching and learning of mathematics by Buxton, Laurie
University of Warwick institutional repository: http://go.warwick.ac.uk/wrap
A Thesis Submitted for the Degree of PhD at the University of Warwick
http://go.warwick.ac.uk/wrap/35583
This thesis is made available online and is protected by original copyright.
Please scroll down to view the document itself.
Please refer to the repository record for this item for information to help you to
cite it. Our policy information is available from the repository home page.
COGNITIVE - AFFECTIVE INTERACTION 
IN THE TEACHING AND LEARNING 
OF MATHEMATICS . 
. (One vOlume) 
Laurie Graham riUXTON, J.P., r·LSc. 
Ph.D. Thesis. 
University of Warwick. 
Department of Education. 
January 19R5. 
, 
BEST COpy 
.. 
, . AVAILABLE 
, V,ariable print quality 
ABSTRACT: 
"COGNITIVE-AFFECTIVE INTERACTION IN THE 
TEACHING ANn LEARNING OF ~'ATHE~'ATICS." 
This is a study of extreme emotional reactions to 
the learning of mathematics. It is conducted among 
mature adults, mostly well-qualified in some academic 
area, but with relative failure in mathematics, and 
showing a marked distaste for the subject. 
It first explores, through interviews with twenty-four 
people, their memories and feelings about their 
experiences in the mathematics classroom. 
Two modes of investigation follow. One is with a group 
of seven who, with the experimenter, seek both to 
learn some mathematics and examine their negative 
reactions to it. The group met for two-hour sessions 
through thirty-six weeks of an academic year. Side by 
side with this ran individual studies of three people, 
who also worked on mathematics, re-experiencing and 
discussing their fears. These studies lasted 
respectively through tweJve, twenty-four, and twenty-
six hourly sessions. 
Starting with Skemp's model of intelligence, and in 
particular its view of the emotions, six situations are 
defined which inhibit learning. A model of the most 
extreme reaction, panic, leads to the speculation that 
it is caused by authority and time pressures. 
This 1S 
cases. 
tested, both in large groups and in individual 
The belief that the explicit avoidance of them 
can lead to rewarding mathematical experiences 1S also 
examined. 
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CHAPTER ONE 
INTRODUCTION AND OVERVIEW 
INTRODUCTION AND OVERVIEW 
The starting point of this study is the recognition 
of the very great difficulty that many people 
experience in learning mathematics. In particular 
it is evident that many who have demonstrated great 
ability in other academic studies have a 'blind 
spot' in this area. What is less evident is the 
strength and depth of emotional reaction that may 
occur. 
The general concern about failure in mathematics 
over the population at large is of long standing; 
reports from various bodies, particularly those in 
industry and commerce, regularly speak of the inability 
of their recruits to do what they refer to as the 
most simple of numerical calculations. 
The response of those involved in mathematics 
education initially focussed on a better under-
standing of the structures of mathematics, and 
attempts to explain them more clearly. New ways 
of presenting mathematical ideas were and are being 
developed. The professional associations such as 
the "1athematical Association and the Association 
of Teachers of Mathematics have, through their 
publications, encouraged good practice, and no 
teacher need nowadays lack for a variety of approaches 
to the exposition of any mathematical idea. 
Piaget's work points in a different dire~tion 
and .led gradually to a deeper consideration of the 
way children think. This concern with the cognitive 
process rather than with the structures of mathematics 
1S developed by Skemp (1971) and in recent work 
on relational and instrumental understanding. 
We thus have two approaches, one starting with 
mathematics and ~he other with the way we think. 
That is not to suggest they are completely independent. 
It is the standpoint of this thesis that another, 
relatively unexplored area, ~lays a large role in 
learning failures in mathematics. This is the effect 
of emotional responses, and the influence these 
may have upon the purely cognitive processes. 
In the last few years this has become increasingly 
recognised, and the review of the literature in 
chapter 2 details this. 
"Intelligence, Learning, and Action." (Skemp, 1980), 
provides a general theoretical background and a 
starting point for this present study of the effect 
of the emotions on learning. A resume of this 
theory is given in chapter 3, and it is then 
developed 1n that chapter to offer a model for 
the complete breakdown of the cognitive process 
that those who experience it call panic. 
3 
In chapter "4 a rationale. is pr9vided for the method 
of approach, which is compared with thkt in other research. 
The field work is described in chapter S., and is 
conducted in an exploratory and investigatory style, 
without presumptions as to what we may find. The 
individuals chosen do not represent the population 
at large, and the limitations of this approach are 
discussed both here and in our conclusions. 
From this field work we adduce a variety of situations 
(in chapter b) in which emotions may interfere with 
the cognitive process. 
In chapter 7 we ini tia te a discussion of the extreme 
case of 'panic' and suggest ways in which it is 
brought about. These external causes will be shown 
to be at least compatible with the extension of 
Skemp's model given in chapter 3, and to offer reasons 
for the triggering of the process indicated there. 
The external pressures (of authority and time) are 
then used t ooth on groups of people, and on individuals, 
to see whether 'panic' can be induced. This will 
support the assertion of the ease with which strong 
negative reactions can be produced (and are often 
produced unwittingly), and the strength of these 
responses. 
4-. 
In the final chapter the conclusions are assessed 
in terms of the various limitations of the methodology. 
Implications for teaching are given, together with a 
brief description of some teaching conducted with 
the implications of this work in mind. 
CHAPTER TWO 
REVIEW OF THE LITERATURE 
REVIEW OF THE LITERATURE 
This review falls into seven categories, starting with 
those that influence the more general positions, and 
moving towards those that examine phenomena similar to 
those explored in this thesis. 
These categories are:-
1) The relationship between mind and mathematics. 
2) Positions in cognitive psychology. 
3) Issues in methodology. 
4) The nature of understanding. 
S) General issues in anxiety. 
6) Emotion. 
7) 'Math. Anxiety'. 
7. 
JrThe Relations Between Mind a nd Mathematics 
The most general statement to i n f lue nce my thinking has 
been Popper's concep t of Three Worlds (1 973) . This 
has proved valuable both as a back ground fr ame wo r k and 
~n the more detailed analysis of chap ter 6. The idea 
of mathematics as an important part of World 3 has been 
most helpful. It ~s , however, more app rop riate to 
elaborate Popper's ideas in chap ter 4, where its influence 
on my methodology is explained. 
The subjects examined in this thesis had the~r general 
cognitive powers seriously interfered with by· negative 
emotional reactions developed long ago, and sometimes 
in early childhood. Some of these emotional problems 
derived from an early inability to match the way 
mathematical ~ssues were presented with their own internal 
logical processes. It is for this reason that the work 
of Piaget, Chomsky and Donaldson is relevant. 
As Piaget (1952) first showed, ~n working on conservation 
of number, a most striking feature of children's 
behaviour before they conserve is their willingness to 
count again and aga~n the same objects. Once they ao 
conserve" their evident -surprise that an adult should 
ask, on rearranging the objects, how many are p resent, 
i s as marked as their p revious inabili t y to observe 
tha t fact. 
It is characteristic of many advances in conceptual 
understanding that they seem insuperable before they 
are achieved, and trivial afterwards. The subjects of 
this study, when they had grasped a new idea, we~e at 
first elated but later re-established their low self-esteem 
by reflecting how simple the matter was, and how difficult 
they had found it. 
In their mathematical education, it is clear that they 
had been forced into work only appropriate for those at 
the formal-operational stage when they were not ready. 
As adults they remained below this stage in mathematics, 
while showing skill and enjoyment in activities such as 
timetabling, provided it was not seen as mathematical. 
I 
Chomsky's study of languages led him to see an underlying 
similarity in their str~ctures. He proceeded to the 
speculation that these structures reflect certain common 
structures in our brains, and th~there is an inRate 
pattern that facilitates the acquisition of language. 
In "Language and f\'lind" (pp 74-75») he meets the counter 
suggestion that all languages may have developed from one 
original spoken tongue. He argues that this "contributes 
nothing to explaining how the grammar of a language is 
discovered by the child from the data presented to him." 
He goes on to say "The language is 're-invented' each 
time it 1S learned, and the empirical problem to be faced 
by the theory of learning is how this invention of grammar 
can take place." 
Arising from Chomsky's position is the fundamental 
question of the relationship between mind, language and 
, 
mathematics. It may be that the mind is not only adapted 
to the acquisition of language, but to the development 
of mathematics, in th~t mathematics, like language, is 
commonly developed throughout the world. Indeed, it 
is much nearer uniform than is language. Yet inhibitions 
1n learning mathematics seem much stronger than in 
language. Certainly early experiences of Elaine, one 
of my subjects, indicated very rapid language development, 
accompanied by a very early hampering of mathematical 
understanding. 
In "Chi ldren 's f\linds" (1977) f\largaret Donaldson challenges 
some of the claims of Piaget and Chomsky. She claims(~3~) 
quoting Macnamara (1972) that the undeniable fact that 
children learn complicated grammatical forms does not 
involve a 'language acqui~ion device', but 1S based 
on their skill in understanding situations, to which 
adults later supply descriptive language. She further 
argues that children's reasoning is often more advanced 
than Piaget's experiments with subsets suggests, and 
that their ability to decentre is not as limited as he 
supposes. Experiments of my own concerning children's 
perceptions of 'general' and 'specific' support her view. 
The same experiments show that some adults have a more 
limited grasp of these logical connections than some 
quite young children. In this present study, however, 
the only examination of this sort of reasoning used the 
rather sophisticated experiment devised by Wason and 
Johnson-Laird (1972), in which most adults fail( ~ot~ ~ 
"Dc-Aold ~ (p. gO) ). 
10. 
Perhaps most interesting is that my subjects generally 
exhibited powerful cognitive .skills when using language, 
and even other symbols when it was not perceived to be 
mathematics. The transfer of these skills to mathematics 
appeared to be blocked by emotion. 
Krutetskii (1976) approaches the lssue of mathematics 
and the mind in a different way. In a closely argued 
first chapter he asserts that innate abilities cannot be 
accepted but that innate inclinations can be. In line 
with most, if not all, workers in mathematical education 
he agrees that all pupils could learn much more than 
they do, and that limits cannot easily be drawn. He has 
to accept that some children learn more quickly in the 
same environment than others. In chapter 11 he 
investigates mathematically gifted chi1dren and later 
(p350) analyses the characteristics of a mathematical 
cast of mind. 
II. 
2) Positions In Cognitive Psychology 
Ryle, In "The Concept of Mind" (1949) set out a position 
welcomed by materialists as expounding their creed. He 
writes of the book that its "general trend .••• will 
undoubtedly, and harmlessly, be stigmatized as 
behaviourist" (p327). He also explicitly declares (p328) 
"that the two-worlds storYlis a myth." and creates a 
memorable phrase by denying "the ghost in the machine". 
Popper (1977) In "The Self and its Brain." remarks of 
Ryle (p10S) 
"However, he also wishes no doubt to deny the (Socratic 
and Platonic) idea of the mind as the pilot of the ship -
the body; a simile which I regard as In many ways 
excellent and adequate; so much that I could say of 
myself 'I believe in the ghost in the machine. '." 
At a more popular level Koestler In "The Ghost In the 
Machine." (1976) presents in the first chapter a strong 
attack on the behaviourist position. 
My own position here follows Popper's "interactionism", 
with the three worlds open one to another, interactive, 
but with no suggestion that the mind can continue without 
the body. 
In anyfesting of psychological theory it is important 
to state whether or not a stimulus-response model lS 
accepted. Clearly some low-level responses might be 
12. . 
modelled in this way, but we cannot here accept the 
general position. 
, 
The first substantial criticisms of the approach, which 
had gained a wide following, appeared in Chomsky's 
review (1959) of Skinner's "Verbal Behaviour" (1957). 
In it he attacks the language of behaviourism as being so 
loose as to cover almost anything, and not therefore 
lending itself to testing. He further claims that the 
creativity in language exhibited by young childten, in 
the way they form an indefinite number of new utterances, 
refutes the stimulus-response model. Later, in "Language 
and Mind" (1968, p22) he challenges 
" ....•. . the belief th~ the mind must be simpler in its 
structure than any known physical organ, and that the 
most primitive of assumptions must be adequate to explain 
whatever phenomena can be observed." 
My own standpoint in general learning theory is best 
expressed in the following description of cognitive 
psychology versus traditional learning theory, 
(Farnham-Diggory 1977). 
"By traditional learning theory I mean the theories 
of Hull, Spence, Guthrie, Pavlov, Skinner, and their 
descendants. These theories were based on the general 
assumption that a stimulus goes in, a response comes 
out and what happens in between is summarmsed by a 
hyphen. For several decades, American psychological 
13. 
research reflected this theoretical philosophy. The 
result,- as might have been predicted, was a proliferation 
of methodological techniques for controlling stimuli 
and for measuring responses, but no new information 
about the hyphen. It is important" to understand that 
all this resulted in little new theoretical information 
about human cognition. 
The whole point about the nature of a response and the 
precision of its measurement is what it tells us - not 
about the nature of the stimulus and the precision of 
its measurement - but abouCthe ~rocesses in between; 
the activities in the head of the behaving organism. 
With the emergence 6f cognitive-psychology in the 1960's 
S-R technology was finally applied to the understanding 
of the hyphen. Now, instead of a hyphen, we have mental 
structures and processes that are gradually being integrated 
theoretically into a general pictnre of mind. Traditional 
learning technology depends upon the systematic 
impoverishment of natural learning environments. The 
human organism has been evolved to cope with a rich 
diversity of stimuli. We have the capacity to sample 
from a stimulus flux, and to put those bits of information 
purposefully together. We make something of the welter 
of information that surrounds us. It is our ability to 
organise diversity that needs to be educated. Mental 
structuring is what educators need to know about." 
14. 
3) Issues ln Methodology 
A full rationale for the methodology is presented ln 
chapter 4, but certain brief references should be included 
here. 
The concentration on detailed examination of individuals 
follows the pattern used by Piaget and, more recently 
by Krutetskii (1976). Many of Krutetskii's conclusions 
about the nature of mathematical thinking rest on the 
problem solving activities of individual children whom 
he has studied. Unlike this present work, he is concerned 
almost entirely with the cognitive area, particularly 
in that (Ch.ll) conducted with the mathematically gifted. 
Most closely allied to my own approach is th~ of the 
constructivists, among whom Steffe is prominent; this 
connection is pursued in chapter 4. 
Another influence, which led to the "group" as an important 
vehicle for investigation, came from earlier work on 
school management which I h~d initiated in the mid 60's. 
I worked with the Grubb Institute of Behavioural Studies 
on human behaviour in authority structures, and based 
some elements of t~ training for headship on issues in 
group dynamics. A feature of this work was the examination 
of interpersonal relationships in leaderless groups. 
~fter a while I became concerned about the stresses 
I~-. 
present when there was no overt task, and the design 
of tl"E group in my :study sought to allow emotional 
responses (which were of course being studied), without 
the heightened and artificial responses that can be generated 
by these techniques. 
A work of m~or relevance in this area lS that of Bion 
(1961) on "Experiences in Groups". In the "Preview" 
(p7ff) he describes working in the psychiatric wing 
of a military hospital, where by devising groups with an 
aim and bask he was able to establish coherence and purpose. 
In my group there was a common purpose: to come to 
an understanding of the origins of their mathematical 
difficulties and to overcome them. As with his groups, 
I established clear boundaries as to where and when they 
met, and the range of matters available for discussion. 
it..c. +Op i c..s 
Appendix.B analyses the nature of i99,,2$ pursued. 
In the maln section of his book (p29ff) Bion describes his 
role in therapy group~, where his interventions are 
mainly observations on the way the group is behaving. 
It was in using this technique in a course for secondary 
heads that I first became aware of how powerful feelings 
about authority could be. With the 'therapy' that my 
subjects needed, it was unwise to allow stresses to 
develope that might result in so~one leaving the group. 
In fact, L , one of the individual subjects, did 
withdraw for a while from her weekly attendances. The 
exploration of feelings about authority proved eventually 
very important. 
Some of Bion's comments were mirrored 1n my work 1n the 
group. He says (p78) 
"It is common at this point to see a group insisting 
that the doctor is the only person to be regarded, and 
at the same time showing by its behaviour that it does 
not believe that he, as a doctor, knows his job." 
In both the group described here and in later groups 
the members constantly appealed to me to confirm 
mathematical points, and refused to accept my idea that 
"the authority lies within the subject (mathematics)" 
When I refused to answer questions, which they felt I 
should 1n my role as teacher, they responded either by 
ignoring me, or by overt complaints at the way I worked. 
The distinction between Bion's position and mine was that, 
while I knew more mathematics than the group members, they 
at least shared my professional competence as a teacher. 
, I. 
4) The Nature of Understanding 
Recent work on the nature of understnding has been of gre~t 
importance. We shall later arrive at a position which 
sees understanding as being finally secured and established 
in a manner which has an affective dimension. We shall 
examine the notion of 'emotional acceptance' of a piece 
of learning. Prior to that we need to clarify the meaning 
of understanding as far as we may. 
One particular strand, which is of very direct relevance 
to classroom practice, is the distinction between relational 
and instrumental understanding initiated by Mellin-Olsen 
and developed by Skemp (1976) in an article in 'Mathematics 
Teaching'. The importance of the distinction lies in 
the greater ability of those who have relational understanding 
to adapt and make new plans for related problems, while 
those whose understanding is instrumenta' have only the 
ability to obtain routine answers in a specified area. 
Byers and Herscovics (1977) took this further in the same 
publication in an article entitled 'Understanding School 
Mathematics'. This was followed by my own article 
'Four Levels of Understanding' (1978a) in 'Mathematics 
in Schools.' 
Ausubel (1963) sees reception learning ln a very different 
light from the passive posture that 1S encouraged by 
those teachers who are insistent on their own authority, 
and who strongly espouse rote learning. He sees the 
activity of building new ideas and concepts as demanding, 
and far from passive. In building schemas an important 
criterion 1S their adaptability; new ideas must be 
worked on before they can be flexibly integrated with 
existing structures. 
Though this activity is not one where the memory is 
consciously called into operation, it is"paradoxically, 
the best way to remember. The distinction in the 
'mind postures' involved is pursued in "Remembering 
and Understanding" (Buxton,1979). 
There are clear affective res~onses to reception learning. 
Often there is initial inertia to trying to grasp 
something new, but once firmly tackled, the feeling 
'Why shou~ I know?' gives way to the response 'It is 
good to know.' Recently I heard a colleague speak 
most feelingly to a group of people of the deep satisfaction 
she got when she 'sorted out' something in her mind. 
This 1S well matched 1n Ausubel' s comment (p.20.2'): 
"The extent to which meaningful reception learning 1S active 
is also a function of the learner's drive for integrative 
meaning and of his self-critical faculty." 
This latter point is developed by Eagle (1978) 1n an 
article called "Self-Appraisal 1n the Learning of t-1a.thematics" 
in which she argues for the assessment of pi~ces of 
work to be done by the student rather than the teacher. 
This present thesis will show how people have suffered 
from the jUdgements of some teachers - yet one's work 
must surely be assessed. The points she makes are 
valuable, and in line with work I have developed in 
the teaching of adults. Three more quotations from 
her article will illuminate her approach:-
"The situation in which the answer book and the teacher 
are ever-present authorities is not a very good preparation 
for the tackling of real problems." 
"Cultivating his own sense of judgement can be for the 
child both a symptom and a cause of a more balanced 
view of the task." 
"To see a teacher make errors and then cope with them can 
be reassuring. It also emphasises the importance of 
monitoring your own work." 
This area has also been explored 1n "\fuat Goes On In 
The Mind?" (Buxtor), 1978b). 
The bulk of studies emanating from workers within 
mathematics education is designed to explain mathematical 
ideas more clearly, on the assumption that it 1S only 
on the cognitive level that difficulties need to be 
approached. Only more recently has 'maths. anxiety' 
been directly studied, and we shall shortly look at the 
literature there. However, before we do, there is 
some more general work on anxiety, which in passing 
notes the probl~ in mathematics. 
.1D • 
5) General Issues 1n Anxiety 
Naturally, there 1S a wealth of material in Freud on 
anxiety, and its possible springs in early childhood 
that he demonstrates must form a background to any 
work on anxiety. However, he does not specify the 
feeling of 'panic' on which we hope eventually to fix, 
nor does he refer to mathematics. 
Bruner does have some very relevant things to say 1n 
a chapter on "Coping and Defending" in "Towards a 
Theory of Instruction" (Bruner, 1975). 
the posi tions thus (r.11.9) : 
He defines 
"Coping respects the requirements of problems we encounter 
while respecting our integrity. 
Defending is a strategy whose objective is avoiding 
or escaping from problems for which we believe there 
is no solution that doe6 not violate our integrity 
of functioning." 
It was evident from the subjects of the present study 
that they regarded mathematics as a minefield of problems 
-_ and that it was 1n fact, the only subject that 
overtly claimed to be about 'problems'. They spoke of 
being unable to cope and were often in full flight from 
mathematics. 
Bruner arr1ves at the conclusion that (p.'1-g) ~ 
"in a word, then, coping and defending are n~t, 1n my 
opinion, processes of the same kind that merely differ 
in degree. They differ in kind." 
This is supported by the polarisation of attitudes 
about m~thematics, with relatively few at the positive 
pole. 
He describes work with children disturbed for reasons 
other the.n the learning of mathematics, and says of them (FI31): 
"They could not, 1n short, cope with the demands of 
school-work unless and until they were able to defend 
themselves against the panic (my underlining) of impulse 
and anxiety that the demands of schoolwork set off 1n 
them." 
These children were not cognitively weak. Judged on 
any criterion of cognitive ability it seems certain that 
the tasks were well within their range. He describes (~13~ 
a child (IQ 125) with clearly defined emotional attitudes 
to certain mathematical topics. 
"He dislikes fractions, for example, and cannot work 
readily with them, for he sees them as 'cut-up' 
numbers. The elementary operation of cancelling 
in algebra symbolises for him the act of 'killing off 
numbers and letters on each side of the equals sign'." 
Bruner describes a therapeutic approach to a child 
who had been yelled at by a teacher (in reading, not 
mathematics). His tutor made a joke of the whole thing 
by trying to yell louder at him than had the teacher, 
and then reverslng roles as to who yelled at whom. 
This led to greatly improved learning by the child while 
with the tutor. Whether he could have then been able 
to face the rigours of a classroom similar to that 
which caused the problem is not clear. 
In some very direct work on learning difficulties 
Hart (1980) provides a wealth of information concerning 
the performance of children on specific mathematical 
questions. Of great interest is the demonstration 
that in some areas, such as ratio and proportion, 
there is very little advance in understanding over the 
five years of secondary school, while in computation 
it does not advance at all. The extremely low facility 
shown by pupils on a range of topics regularly taught 
in all our schools raises serious questions. It may 
well be that some should not be taught at all. 
These results dead us to wonder about the cognitive 
and affective difficulties these children experienced. 
There is much valuable material in the individual responses 
she gained from children in the interviews, and the 
data lying here can tell IUS much of the reasons why 
they performed so badly. 
6) Emotion 
The issue eventually discussed in this thEsis is one 
specific reaction, th£ of panic. Naturally, many different 
reactions were offered by subjects, and it would be 
an interesting, but very extensive investigation to 
try to assign certain emotions to certain classroom 
situations. I have done some work in this field, 
branching off from this ~articular study. In such 
a pursuit, and to some degree in this present work, it 
would have been helpful to have some taxonomy of 
emotion, but little seems available. 
Nicholson (1977) discusses "worrying" (Ch. 17) and 
equates worry with anxiety. A taxonomy would help 
in deciding whether this is an ap~ropriate identification. 
He makes the unsurprising statement that some worry 
is necessany to get anything done, but that carried 
beyond a certain point it is unproductive. 
In fact this last comment 1S a specific example of the 
well-established Yerkes-Dodson law, which states that 
the optimal degree of motivation for a given task 
decreases with the complexity of the task. 
Being chased by a bull in a field is strongly motivating 
and leads to good performance in running away! Opening 
the gate to get out may be done less well with the bull 
approaching than without. Running is a task of low 
complexity, even if we do not do it wedl, but finding 
out how a lock works is certainly a level or two . 
higher in difficulty. 
Doing mathematics 1S a high level task, and strong 
external pressures ,are not conducive to good 
(1977, p. ~ 13) 
performance. Zeeman sees learning as an example of 
catastrophe theory, where an 1ncrease of pressure 
beyond a certain level results in a sudden and 
dramatic drop in performance. 
('977) p.,gS) 
Nicholsonlhas some comments, however, which do bear 
upon the present work:-
"In its extreme form, anxiety may be experienced 
either as the generalised, free-floating state 
mentioned earlier, or it may be focussed 
specifically on certain objects or situations. 
Most people have experienced the former - the taut 
muscles and dry mouth accompanied by a feeling of 
agitation, dread, or even panic." 
The subjects studied here did react to specific situatons, 
and the reaction was one of panic. 
We shall later hear from subjects their Vlews as to 
the strengths of varlOUS emotions, and to the connections 
between them, as suggested in this Est reference. They 
do see the movement to panic as sometimes (but by no 
means alwa~) involving a progress through anxiety 
to fear and then to panic. 
The nearest to a taxonomy seemed to be "The Language 
of Emotion." ( Da vi t z, 1969). In this work he describes 
the clusters of words used by his subjects to describe 
their emotional reactions to various situations. I 
have done this with groupS:. myself, and like Davitz, 
obtained clusters of words describing experiences 
they were asked to recall. The result i~ more like 
a thesaurus than a taxonomy, but it is an area worth 
pursulng. 
If, . 
7) "rv1ath. Anxiety' 
At this stage the known references were supplemented 
by a computer search (ERIC). One such search sought 
the intersection of "Learning Disabilities" and 
"Emotional Problems". Though it provided 128 
references, none proved suitable. They tended to be 
too heavily psychotherapeutical, and to discuss learning 
problems proceeding from maladjustment. 
As expected, a search for "Math. Anxiety" produced 
many appropriate references. The 187 references were 
reduced considerably using various criteria:-
1) ~~eference was given to those in research level 
journals 
2) Rating scales were not generally included. 
3) Those whose em~hasis was remediation without a 
clear theoretical background were omitted. 
4) Repeated references to a particular author (such 
as Tobias) were condensed. 
5) Though some on 'attitude' are included, this was 
sometimes too general. 
6) Gender in mathematical achievement is of great 
importance, and some references pursue this line, 
but it is not seen as central to this present study. 
The Cockcroft Report (1982) includes a study of the 
mathematical needs of everyday life (Sewell). Carrying 
out the study did not prove easy. In her words (sect 16) 
~7 . 
"Roth direct and_indirect approaches were tried, the 
word 'mathematics' was replaced by 'arithmetic' or 
'everyday use of numbers', but it was clear that the 
reason for people's refusal to be interviewed was simply 
that the subject was mathematics .•••••. Several personal 
contacts pursued by the enquiry officer were also 
adamant in their refusals. Evidently there were some 
painful associations which they feared might be 
uncovered. This apparent widespread perception among 
many adults of mathematics as a daunting subject pervaded 
a great deal of the sample selection; half the people 
approached as being suitable for inclusion in the 
sample refused to take part." 
The ma1n report then adds:-
"The extent to which the need to undertake even an 
apparently simple and straightforward piece of mathematics 
could induce feelings of anxiety, helplessness, fear 
and even guilt in some of those interviewed was, perhaps, 
the most striking feature of the study." 
Most germane to the research undertaken 1n this thesis 
is the following (sect.21) 
"The feelings of guilt to which we referred earlier 
appeared to be especially marked among those whose 
academic qualifications we~e high and who, in consequence 
of this, felt they 'ought' to have a confident under-
standing of mathematics, even though this was not the 
case. Furthermore, they were aware that others, to 
leg . 
to whom it was evident that they were well-qualified 
1n gen~ral terms, took it for granted they would be 
mathematically com~etent. 'People assume you are 
good at maths. if you are good at other things.' 
Those who were not academically well-qualified did 
not feel guilty in the same way. Some arts graduates 
who had gained O-level passes in mathematics were 
nevertheless so aware of a lack of confident 
understanding of the subject that their career choices 
were seriously reduced as a result of their determination 
to avoid mathematics." 
The term '~1ath. anxiety' was coined by Tobias (1978) 
1n her book "Overcoming f\1ath. Anxiety". The evidence 
of her subjects accords very directly with that offered 
by the subjects in this thesis, and many of her quotations 
have a familiar rlng. It is interesting to note that 
her work was probably done at the same time as the 
investigations described here, which were pursued 
through the academi~ year 1977-8. The pUblication 
of her work and of my own popular book (Buxton, 1981) 
have both stimulated much response from readers who 
confirm the nature, depth, and extent of the emotional 
reaction that people may have to the study of mathematics. 
Tobias' work makes a strong point about the way girls 
and women are deflected from learning mathematics. It 
is clear this happens, yet certain arguments she puts 
forward are stronger in the U.S. context than here. 
Through the elective system in the U.S. girls can glve 
up mathematics much earlier than here, where they 
nearly all pursue it to the school leaving age. Yet 
girls s,till perform worse at public examinations. The 
gender issue dominates her writing. I accept it here as 
an important issue, but it is not the issue of the thesis. 
I believe that serious anxiety about mathematics is present 
in many men, even if they tend to conceal it more. 
Tobias and \'Jeissbrod (1980) produced "An Update" on 
maths. anxiety where they argue for new techniques 
more closely linked to theories of learning. In this, as 
in the earlier work, theory is ap0lied to remediation 
rather than to root causes, but some important points 
are made. She quotes (p66) var])ous researchers who 
are not sure that maths. anxiety is more common among 
females than among males; this certainly seems an open 
question. 
In connection with the 'worWshops' (which seem to offer 
~o . 
less structure than the group in thi s work) she comments (f.~7) ~ 
" ••••• there is no typical technique, but there is a 
common goal, namely, to change the classroom atmosphere 
from one of tension and competition, and a resulting 
unwillingness to ask 'dumb' questions, to one of trust." 
This aspect of trust, and the assurance that all statements 
made by subjects will be respected has been an important 
issue in my work and is an essential feature of the 
'textured learning' method I have developed from the 
work of the group. 
Another point made in this article (p67) 1S supported 
by com~ents in this present study:-
"Even after getting the right answer, a learner might 
dismiss her success by saying 'I~as easy' or 'It 
wasn't really math.' or 'I could never do it again.' 
J~rha~s the most significant comment in this article 
however, relates to the need to recall the past (p68) 
"Throughout these interventions, the subject is invited 
to re-experience past failures and humiliations before 
the group or while writing the math. diary. The purpose 
of this 1S to eliminate the continuing and disabling 
effects of earlier experiences. The strategy assumes 
that it 1S the inter-personal dimension of mathematics 
that lS at issue in math. anxiety, and not mathematics 
itself." 
Michaels and Forsyth (1978) distinguish, very properly, 
(as does the last quotation) between attitUdes to 
mathematical topics and to methods of teaching maths. 
The eventual conclusions of this thesis emphasise the 
effect of authority pressures, which are clearly inter-
personal, and do not lie within mathematics. In 
assess1ng attitude, f'.lichaels and Forsyth advocate 
sim~le wording of questions; this may well be necessary 
1n broad surveys, but the danger of simple questions 
1S that they may elicit only superficial answers. 
3l. 
Sand.man (1979) used his own attitude inventory ln 
testing anxiety over some 413 classes. He came to the 
conclusion that boys have higher maths. anxiety than 
girls. At first this may seem surprising, but it may 
well be that the girls are more able through 'math. 
avoidance' to esca~e from the anxiety, while boy-girl 
stereotypes in career choice lead the boys to believe 
that they cannot esca~e in the same way. 
Hilton (19R.Ob)makes some important distinctions, and 
recognises how severe some of ~he reactions can be. 
He comments (~175):-
"In some cases the avoidance is the deliberate, conscious, 
and well-worked-out procedure of a mature individual 
who has coolly assessed his or her capacities; sometimes, 
at the other end of the spectrum, mathophobia is a 
panic reaction." (my underlining) 
He goes on to point out that math. avoidance, math. 
anxiety, and math. incompetence are all different. 
Later in the article, he categorises in the following 
manner (p1 77) : -
"I distinguish three prlmary classes: Class A consists 
of those who, .as a result of their mathematics educa~ion 
know some mathematics; elass B consists of those who 
know they don't know any mathematics; Class C consists 
of those who don't know they don't know any mathematics •.. " 
Hilton continues:-
"I further divide Class 8 into three subclasses. Class 
81 consists of those who react to their ignorance of 
mathematics with defiance •••••• Class 82 consist of 
those rendered timid by their awareness of their 
mathematical 19norance. It is in Class 82, then, that 
we typically find those who are both anxious about 
mathematics and seek to avoid it. These people, like 
all those ln Class B, are unable to function in any 
situation in which some understanding of mathematics 
and ability to use it are required, but they are-
distinguished by feeling disquiet as a consequence •••• 
Class 83 consists of those who are indifferent to the 
fact that they know no mathematics. They are aware, 
but they do not care." 
Our maln concern here is with Class B2. It is an 
interesting classification; I would accept the existence 
of 83, but feel that it is seldom or never that the 
defiance exhibited by those in 81 is a genuine denial 
of the importance of mathematics. 
In Cl~ss C he sees some who may become aware of their 
deficien~y and then enter Class H2. The remainder 
of them, Class C2, he characterises-thus:-
"The members of this class tend to be entirely insulated 
from awareness of their ignorance. They are likely to 
be confident peopl~nd,-in adult life, they are apt 
to be found in many positions of authority. Protected 
33. 
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from an awareness of t~ b f' I~ a yss 0 19norance in which they 
pass the,ir lives, they will not hesitate to take decisions 
affecting the lives of other people as well as themselves." 
We must hope that not too many mathematics teachers 
fall into this last category. 
He next touches (p182) on the ill effects of an education 
based on memory rather than on reasoning. 
It ••••• There thus begins an inexorable process in which 
the reasoning faculty lapses into disuse and the memory 
becomes overloaded •..•. It is a supreme irony that the 
measure of progress 1n any SClence is its independence 
of the memorisation of brute fact, yet such memorisation 
is endemic in current education." 
Certainly many of my subjects complained of overload 
in their own education. It is interesting that this 
was often particularly attached to the learning of 
theorems in geometry, where it is possible to limit 
memory greatly by an emphasis on process. 
Bearing very directly on this thesis is his observation (p18S) 
"(e) Authoritarianism. Typically In a traditional 
mathematics education, students are told what to do, told 
that it will turn out to be useful, told that it works, 
told th~ they will understand it later. They learn 
early on the advantage of acce~ting argument by 
authority .•••.• It is a superb irony that it 1S 1n 
mathematics education, so called, that students learn 
to discount the value of the reasoning process. It 
1S natural that this authoritarianism breeds anxiety 
and distaste." 
All of this is strongly supported throughout this 
present study by the reports from my sUbjects. 
A study by Betz (1977) examined th~ prevalence and 
intensity of math. anxiety in college students. The 
students were selected from mathematics and psychology 
courses at the Ohio State University, and even though 
they had elected to take these courses, math. anxiety 
was frequent, and more likely to occur in women than in men. 
Contrasting with this study is one by Chavez and others 
(1982) which showed that most elementary teachers do 
not dislike mathematics and that there is no significant 
difference between male and female attitudes to mathematics~ 
While the two sample populations are not the same, it 
is surprising to see this difference. As with much 
testing, it may be the nature of the questions asked 
that is important. 
Sovchik (1981) accepts the existence of anxiety in 
those recruited to courses for elementary teachers, 
and describes pre-service courses designed to reduce 
anxiety. Kogelman (1981) describes a remedial program 
at the ~ronx Community College, serving a black and 
Hispanic population. The population is very different 
from that used in this thesis, though some of the 
techniques, aimed at self-esteem as well as new cognitive 
approaches are similar. Chapline's attempts to reduce 
mathematics anxiety, described 1n a paper (1981) by 
her, shows a highly structured program with frequent 
requests to students for feedback and evaluative reactions. 
It is this aspect tnt is significant in overcoming 
the authoritarianism described by Hilton. 
All these programs tackle the need for a trusting, 
non-authoritarian climate, with problems discussed 
at length, and an emphasis on understanding .rather 
than on memory. One of the best descriptions of the 
situation students find themselves in is given by 
Morris (1981). Her descriptions of some of the more 
severe states is exactly in line with some of my subjects. 
She writes (p413ff) 
"Physically you might have experienced sweating palms, 
clenched fists, queasy stomach, dry mouth, and cold 
sweat. Psychologically you might have felt panic, 
tension, helplessness, fear, distress, shame, and an 
inability to cope." (my underlining) 
"The math. anxious are especially sensitive to criticism 
and would rather sit through a whole class without 
understanding than to risk ridicule by asking a 'dumb' 
question." 
"For the math. anX10US, then, mathematics becomes a 
rigid, authoritarian subject consisting of rules to be 
memorised and obeyed, and of formulas to be applied 
blindly. ~lemorisation replaces understanding." 
"For example, consider timed tests. Many, especially 
the anxious, tend to freeze up under pressure." 
A most unusual approach is developed by Elliott(1982) 
who exam1nes a neurological approach to the issue. 
She first postulates that anxiety and the necessary 
creativity in working at mathematics cannot exist . 
side by side. 'Taking cr~ativity as being a function 
of the right hemisphere of the brain, she writes that 
it can only function when there is harmony betwee~ the 
two hemi-spheres; anxiety is a function of disharmony. 
In the same terminology used by Bion she writes(p779) 
"So many of them set limits on themselves and their 
mathematical abilities by trying to fight learning 
mathematics or by trying to flee from it entirely." 
(her underlining) 
Tn discussing psychological profiles of the math-anxious 
she writes (p779) 
"otherwise successful and intelligent people 'go blank' 
17. 
when they see ~roblems involving decimals, or 'freeze' when 
asked tq figure a 15~ tip or 'panic' at the sight of 
a story problem." 
All three of these statements - 'go blank', 'freeze' 
and 'panic' are seen in this thesis as a mechanism 
explainable in terms of Skemp's model of intelligence. 
Elliott picks up Kogelman's suggestion that convergent 
and divergent thinkers both develope anxiety when 
confronted with the need for the other type of thought. 
Since mathematics requires both forms of thinking, and 
they may be associated with the two hemispheres of the 
brain, anxiety occurs 1n both types of thinkers. This 
is certainly a plausible suggestion, and would be -." 
linked with convergent thinking representing an acceptance 
of authority and divergent a rebelling against. it. 
Since girls are encouraged to be cOBformist, they 
perform well when the tasks are convergent and routine, 
but fail when asked to break rules. Boys, although 
punished for breaking rules, are nevertheless expected 
to do so; this conditioning may lead to their greater 
creativity and better performance at problem-solving 
in mathematics. 
Bearing directly on 'Situation 2' oD chapter 6, where 
we have a pathological response to mathematics is the 
following passage (pp7RO-781):-
"Self-professed math-anxious students reveal that one 
unsuccessful exper1ence after another form the foundation 
on which they hve attempted to build their mathematical 
knowledge. \.o.Ja th rote-memorised algori thms serving as 
the mortar for thes constructions, it is little wonder 
that, during the first problem-solving sto~, their 
mathematical knowledge topples. Successive failures 
produce negative physiological arousal patterns which 
give rise to negative psychological behavioursl these 
include defensive attitudes, fearful feelings and, 
finally, total avoidance. The psychophysiological 
downward spiral is set in motion. Physiologically 
speaking, the math-anxious person reverts to the 
primitive survival instincts which have their or1g1n 
in the mammalian and reptilian portions of our evolved 
human brain. The mammalian centre, called the limbic 
system,has two primary~functions which affect math. 
anxiety: (1) it stores long-term memory, and (2) it 
prepares the body for 'flight or fight'. 
Memories of a string of unsuccessful experiences are 
stored in the hippocampus of the limbic system. The 
amygdala (another limbic system) is triggered and the 
math-anxious person goes into a 'rage' when asked, 
'How much time will it take two men to dig a ditch 
when .•••••• ?'. Finally, the central structure in the 
limbic system, the hypothalmus, is activated and the 
fight or flight mechanism is set in motion. Generally, 
the math-anxious person may have sweaty brows and 
palms, increased heartbeat, increased respiration, 
and desynchronisation in cortical and subcortical 
brain waves." 
This is a most interesting extension into physiological 
terms OL the psychological interpretations and models 
we have used. While expressed differently, the terms 
are compatible with, and char~rise the same experiences 
that we have described in other ways. 
One of the most important elements in alleviating 
acute symptoms is the removal of guilt. Elliott says 
of mathematical incompetents (p783):-
"They feel the onus of this inability to do mathematics 
lies with them. They never suspect that teachers or 
teaching strategies could be at fault. They believe 
there is something 'wrong' with them." 
A very interesting, and directly relevant piece of 
work is by Hoyle.s(19R2). In it she elicits from 14 
year old pupils their perception of good and bad 
learning experiences in school. Although they were 
free to comment on any part of the curriculum, about 
40% were concerned with mathematics, many more being 
bad than good. The pupils were asked to describe the 
situation, the feelings, and the reasons for these 
feelings. The individual interviews are very revealing. 
Hoyles analyses feelings wi thin self, feelings towards 
the outside world, and feelings about self. In these 
the pupils rev~~ the same attitudes that the adults 
of this study showed. 
Certain results point u~ the effect of time and authority 
pressures. She writes (p364-S):-
"One further finding of interest was that nearly 22CO of all 
bad stories contained statements categorised in the 
sub-category called Teacher Pace, Pressure." 
"The pupil might also have described how the teacher 
put him under pressure by, for example, demanding ~ 
instant answers or telling him to work something out 
in front of the class. It should be noted that the 
statements in this category were about pEessure thought 
to be imposed by the teacher. They were distinguished 
ln the categorial scheme from statements describing 
either pressure thought to emanate from the work itself 
and its level of difficulty or pressure felt because of 
lack of confidence on the part of the pupil himself. 
The statements were also concerned with teacher-imposed 
pressure which was seen to be associated with learning 
and were distinguished from statements concerned with 
teacher-imposed pressure, seen to be associated with 
discipline or control." 
This last distinction, between the authority of control, 
and authority in the teaching, is an important one. 
Itl. 
Conclus:i.,on 
There is much literature in the general area, but little 
that touches upon the most specific issues discussed 
here. The general reports from subjects in all the 
research ~rojects are very similar, and support the 
evidence given here. Theory, however, seems to ent~r 
only in the remedial teaching, ahd not in discussions 
of root causes, save in Elliott and Hoyle. 
However, many references specify panic, without 
analysing it. Such references appear in Bruner, Nicholson, 
Hilton, Morris, and Elliott. One of the subjects 1n 
Skemp's doctoral thesi s (I,rl» reported 'waves of panic' 
when given a timed test. 
In chapter 6 a general analysis is g1ven of situations 
causing various degrees of anxiety. In particular, the 
second such situation can be read in conjunction with 
the quotations from Elliott. 
From there an analysis of panic 1S g1ven based upon 
the Skemp model. Despite the relevance of some of the 
authorities quoted here, it is upon this model that 
the theoretical basis of this work is founded. We there 
now proceed to examine this, devoting the next ch~pter 
to it. 
42.. 
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CHA IYfER THREE 
SKEMP I S f'.10DEL OF' INTELLIGENCE 
SKEMP'S MODEL OF INTELLIGENCE 
This work 1S based on the model put forward in 
"Intelligence, Learning and Action." (Skemp, 1979) 
There follows a summary of those elements in his theorising 
relevant to this thesis. We start with his general 
view of intelligence, note the original way in which 
he links the cognitive and the affective, and then 
interpret, in terms of his model, the particular 
dysfunction known as 'panic'. 
Skemp sees many of our activities as goal-directed 
(though others are simply expressive). In seeing these 
as to some marked degree under our own control, he 
adopts a very different stance from the behaviourists. 
The extent to which we are goaldirected depends on our 
definition of a goal, but certainly in the pursuit of 
mathematics goals (all too often set by others) are 
constantly present. 
The central activity of intelligence is seen as the 
building of mental models. It is the quality of these 
models and of the plans we devise using them that 
disti:flguishes us from other living species. Skemp sees 
these activities as strongly linked with survival. 
Certainly these abilities have led not just to survival 
but to our present dominance over other species. 
4-4-. 
The next nottion we need is that of a director system. 
This is an idea which owes much to cybernetics and 
has analogues in thermostats and stabilising devices. 
The director system (delta) contacts the environment 
through sensors, and has a comparator which records 
the relationship of our present state to our goal 
state (where we want to get). A thermostat must 
record both present temperature and desi~ed temperature. 
That does not mean than the human model is mechanistic, 
for it is the way we choose and reach our goals in 
which we differ from these devices. 
In order to determine where we are and where we 
should be, we make mental models (schemas) on which 
we plot these positions. 
Diagram 1 
The comparator records the present state and the desired 
state on the schema in our mind. It is convenient to 
think of schemas as cognitive maps; such geographical 
analogies are deeply woven into our language. 
Our ability to achieve goals depends on two features 
(a) the quality of the schemas we have 
(b) our skill in making plans to get between points 
in them. 
We can think of this as defining our 'intelligence', 
but it is important to recognise that it is not 
measurable, and that in any individual the ability 
to achieve goals depends very heavily on the area 
of activity. 
We now distinguish between the exercise of our 
intelligence in dealing with the outsiae world and its 
furction in building schemas and making plans 
associated with them. We shall refer to delta-one 
when our reason is tackling the outside world and 
to delta-two when it is modelling and planning. 
internally. 
Delta-one exhibits three levels of function 
(1) Instinctual, or genetically determined responses 
(2) Automatic responses, once learned but not now 
thought about. 
(3) Responses to new situations. 
The first category includes the 'more basic response to 
hunger and sex drives., though ~e have developed 
mOTe complex learnt ones in these areas. This category 
we share with all othr animals. 
The second category is learned, but not necessarily 
thought'about any longer. When a telephone rings, 
my hand stretches out to answer it. When a child 
runs in front of my car I brake sharply. In neither 
case do I 'think' about what I am doing, yet the 
reactions had to be learned at one time. The plans 
for these actions were once devised by internal 
cerebration (delta-two) but are now immediately 
available for delta-one in its dealings with the 
outside world. 
Some actions that we wish to improve, such as our 
golf swing or our skill in cornering in a car need 
regular thought and practice, with delta-two fully 
engaged. Yet to\thin~ too precisely on 
a dangerous corner, or to seek to improve a swing 
when we are in a match is a recipe for disaster. 
The aim of delta-two is to make delta-one automatic. 
We shall see that many of my subjects had been taught 
on the assumption that mathematics was made up 
largely of such skills and that the aim was that 
t~y should respond quickly and accurately when 
called upon to do so. 
In a completely new situation, delta-two might need to 
create a schema and then devise a plan. More commonly, 
a schema of some sort exists, but a new plan is needee 
urgently. 
tn. 
As an everyday example, when we make a regular car 
journey.we do not 'think' where we are going. We 
are able to leave delta-one to conduct the intricate 
business of controlling the car, avoiding standard 
hazards, and getting where we want to go, while we 
may be 'thinking' about something quite else. This 
latter activity is by delta-two. However, if a 
quite unusual danger presents itself, our conscious-
ness switches to this danger, and delta-two· devises 
plans for its avoidance, which delta-one then operates. 
It may be as simple a matter as a new 'no right turn' 
sign. We immediately move delta-two from its unrelated 
activity to drawing up a new plan as to where we go. 
The student in the classroom is in a very demanding 
environment, 
one where new schemas and plans are in constant 
demand. The aim of the teacher must be to aid 
the formation of schemas and to offer opportunities 
for the student to plan routes. In the first of 
these, particularly if there is a strong didactic 
element, r~e SrVJe'lt is engaged in reception learning, 
and in the second in problem solving. We shall see 
in our investigation the crucial importance of 
allowing delta-two to do its work without 
constant demands being made from the external world 
~hrough delta-one. Many of my subjects complain 
of 'demands' being made. 
To sum up then as far as the deltas are concerned; 
they are distinguished by their 'operands' (that 
on which they operateJ- with delta-one dealing 
with external matters and delta- two with internal 
formulations. . ]lel ta-one ul timately .. IS 
highly dependent in its performance on the quality 
of the work done by delta-two, particularly in 
'learning', with which we are here concerned. 
Of central signifigance for this thesis is the 
atarting point Skemp offers for the role of the 
emotions. Freud used the phrase 'hedonic tone' 
to describe our position on a spectrum pleasure -
unpleasure,determined by our satisfaction or otherwise 
of basic drives such as hunger or sex. The following 
comment (Koestler, Arthur. (1976) "The Ghost in the 
J'.1achine. ". Hutchinson. London.) extends the defini tion 
and matches the position in Skemp very cloSely(r. 2',): 
"The hedonic tone depends on several factors and 
could be described as the feedback report on the 
prbgress or otherwise of the drive towards its real, 
anticipated or imaginary target." 
Skemp, as we have said, sees us as goal-seeking 
organisms, and supplements this idea with the extra 
concept of an 'anti-goal' or threat. We pursue goals 
and try to avoid anti-goals. 
The 'comparator', which assesses our approach or 
recession fro~ a goal has outputs of pleasure 
or unpleasure accordingly. It is possible, as 
my subjects showed, to have within these broad terms, 
more spe~ific feelings related to other elements in 
their situation. For example, the knowledge that 
they were on the verge of a souution of a problem 
that had caused them some considerable difficulty 
gave rise to 'elation'; 
of responses such as frustration, anger or a very 
deep disappointment. The analysis of what emotions 
are experienced in what situations will prove a 
large field for the future. 
An anti-goal is not simply the failure to meet a 
goal. A mathematics problem in the classroom offers 
a goal (though if set by the teacher as'such)but not 
. \ 
so 'accepted by the pupil, we may question whether 
that is indeed what it is), but failure to solve it 
may not be in any sense an anti-goal for the pupil. 
His or her anti-goal is the disapproval shown by 
the teacher and the possible punishment ensuing. 
Skemp sees the output from the comparator at the 
approach of an anti-goal as being fear, and the 
avoidance of it as being relief. 
It is worth commenting here that if goals are presented, 
and are achieved at least some of the time by the 
student, the very pleasant experiences such as elation 
will be valued and more learning attempted in the 
hope of repeating them. If however the mathematics 
classroom is seen (as it was by my subjects) as 
being a minefield of threats, the only pleasurable 
experience is one of relief at their avoidance. 
Relief, unlike elation, is not something most of us 
set out to experience. 
We all of us have certain areas where we know ourselves 
to be competent, whether it be in gardening, driving 
a car, or in swimming. Skemp refers to such a 
part of our euvironment as a 'prohabitat', and 
goes on to characterise the feelings we have here 
as 'confidence' (arising from our belief that we 
can achieve goals) and 'security' (in that we think 
we can avoid anti-goals). Outside a prohabitat a 
person may feel 'frustration' in the expectation 
that goals will not be reached and 'anxiety' in 
that threats may not be avoided. 
Some of my subjects, as we shall see, experienced 
very strong and unpleasant feelings once the area 
was characterised as mathematical, even before a 
task was proposed. 
We now present this in table form (p8l. "Intelligence 
Learning and Action") 
State Signals from 
perceived comparator 
as changing 
/ Towards 
Goal 
state 
'Away 
from 
/ Towords 
Anti-
goal 
state "-
"Away 
from 
Pleasure 
Unp/eosure 
Fear 
Relief 
Knowledge of 
ability inability 
to change 
state 
Confidence Frustration 
Table 1 
Security AnxIety 
Signals 
that organism is 
within outside 
prohobitot 
Skemp sees the emotions emanating from the comparator 
as signAls to us whichattract attention to a ~articular 
area where action may be needed. 
This is clearly a function, though I 
do not share his view that it is the only or even 
ma1n one. However, once 
. an alarm is raised 
about an approaching anti-goal, the fear induced 
will cause us to try to solve the problem of 
avoiding it, and in this both delta-one and delta-
two may be involved. 
This direction of the consciousness by the emotions 
may be counterproductive to learning. In chapter b 
we analyse six different ways in which the signals 
from the emotions inhibit learning. 
Let us now interpret in terms of the model how 
we cope (or fail to cope) with threats from the 
environment. The appearance of an anti-goal leads 
the comparatoc!.to emit signals (emotions). This 
attracts consciousnessto delta-one, which then seeks 
to take avoiding action. This may be as mundane as 
avoiding collision with another pedestrian. This 
is a routine task accomplished(with a background 
of long experiencejbY delta-one without the 
formulation of new plans. Here the threat is minor 
and its evasion simple. Even a very severe threat 
(say a wild animal in the room) may be avoided by 
an obvious action (jumping out of the window) in 
which no new sort of plan is needed. In a number 
of cases, therefore, delta-one copes without referring 
to delta-two, and it is not the level of threat that 
determines this. 
The appearance of a 'No right turn'· sign preventing 
us from taking a usual route is a minor worry, yet 
we may have to think quite hard as to what we should 
now do, and delta-two may be fully engaged in the 
preparation of a new plan. This is a normal 
functioning of the two deltasJ when the first has 
no ready-made plan, it is the job of the second to 
prepare one. 
The major problem ar1ses when the threat is seen 
as serious enough not to want to suffer the conse-
quences of ignoring it, when delta-one does not 
LJ \"e,., 
have a routine, andJ..delta-two ,_.fails. It may fail:-
(a) because it cannot make a plan. 
(b) because it cannot make a plan in time. 
(c) because it has no expectation of being able to 
make a plan. 
The threat directs the consciousness into delta-one, 
which then refers it to delta-two. When a plan 
does not result, the emotions generated through 
the comparator again bring the consciousness to 
delta-one, asking that it deal with the threat, but 
again it is refer~ed to delta-two. The'p~ocess 
then becomes a flicker of the consciousness between 
the two deltas;the result is paralYSi~nd a state 
of complete dysfunction. 
This state - referred to by one subject as 'mind in 
chaos' - is what we shall call in terms of the 
model 'Panic'. It is of course what many of my 
subjects have experienced, and the sensations 
attached to which are discussed in the second session 
of the 'group' in the chapter on the field work. 
Let us illustrate this from the classroom. A 
teacher poses a question in mathematics. He or 
she may see this as the calm setting of a goal, and 
this view will be shared by some of the pupils. 
But some will most certainly see it as a threat -
not the question, but their expectation of what the 
teacher will do when they fail. 
requires 
If the question '" a routine memory or rote -learnt 
answer then delta-one should have that to hand, 
) 
and the threat is avoided. It may be that the 
answer is not known, but that delta-two manages to 
work it out, and again the threat is avoided. 
When, however, delta-two fails, either through lack 
of cognitive power, or through the pressure of the 
teacher standing waiting, or, as with many of my 
subjects, a feeling of complete hopelessness at 
tackling any such prob~em (being out of their prohabitat), 
./ 
then many have described the state of mental paralysis, 
~hat they name'panic" which ensues. 
Though, en route, we shall discuss various forms of 
malfunction in the reason-emotion complex, it is the 
creation of this state that we shall finally examine. 
We shall use the material from the field work to 
speculate on the conditions that induce it, and 
demonstrate that we can artificially bring it 
about with the use of certain pressures. 
Sl,. 
CHAPTER F'OOR 
A RATIONALE OF' THE METHODOLOGY 
A RATIONALE OF THE METHODOLOGY 
In this 'chapter we first discuss distinctions between 
theories in the natural sciences and in psychology. 
We then observe upon the nature of models, and in 
particular that used (and developed) as the theoretical 
basis to this work. We then look at the different 
methodologies used in psychological studies and their 
relationship to the theories and models which they 
explore. Against this background we develope the 
rationale for this particular study. 
The evident power and success of the approach used in 
the natural sciences has led to the assumption by some 
that it is appropriate for all investigatory work. 
This assumption needs to be questioned. 
VJe use a helpful classification by Sir Karl Popper 
(Popper,1973 p20ff). He postulates three "worlds". 
World 1 is the physical world of concrete objects, 
including our own physical bodies (and their brains). 
It also contains less tangible objects such as waves 
and forces. ~vorld 2 is the psychological world, of 
thoughts and feelings, of dispositions to act, and 
all kinds of subjective experiences. The position 
is dualist, but Popper asserts the importance of the 
fact that they are interactive (Popper, 1973 p25.). 
His innovation 1S World 3. This 1S the world of human 
., /. 
utterances, our words (written or spoken), our art 
and our theories of all sorts. There is no criterion 
for admission to World 3 other than utterance. Truth 
or validity of a statement is not relevant. Following 
his definitions, Popper points some distinctions by 
considering two copies of the same book. In World 1 
they are distinct objects; 1n World 3 they are a single 
utterance. It may well be that two different people 
on reading the book may arrive at different conclusions 
as to its meaning, but it remains a single utterance, 
though replicated in World 1. 
Theories about the physical world and about psychology 
both lie in World 3. Yet there is a crucial question 
'to be asked - what are they about? The natural sciences 
are about World 1; psychology is about World 2. The 
fact that they are about essentially different things 
is important. It may well mean that we have to approach 
them differenly. 
The next question is how theories in these areas 
are to be tested. Scientific theories are eventually 
tested 1n World 1; those in psychology are not. How 
then must we test them? 
Popper clearly defines the characteristics of a 
scientific theory, the ma1n criterion being succinctly 
put by Brian Magee thus:-
"Falsifiability 1S the criterion of demarcation 
between science and non-science. " (Magee 1973 p43) 
This means that to be scientific a theory must make 
predictions which subsequent tests could show to be 
false. The strength of Einstein's General Theory of 
Relativity lay in the fact that it made three clearly 
defined predictions of astronomical occurences which 
were different from those made by Newton's gravitational 
theory. Though the differences predicted were in 
fact quite small, when the opportunities arose to 
make suitable tests, Einstein was found to be more 
accurate in the predictions made than Newton. This 
led to the abandonment of Newton's underying theory 
(but not of its use in many calculations). The 
results supported Einstein's theory, though it is 
important to realise that no observations prove a 
theory. It is the nature of science that its theories 
cannot be proven. 
~. 
Only an extreme behaviourist would believe that the actions 
of human beings can be (or are ever likely to be) 
predictable in the way that we predict the positions of the 
planets or the balls on a snooker table. It is not 
merely that we are more complicated, but if we assume 
some degree of freewill we may well exhibit different 
responses at different times to the same stimuli. 
Essentially we are not predictable in the way that 
scientific theories (despite the Uncertainty Principle) 
demand of snooker balls. 
In psychological theories we are not likely to be able 
to predict events with any certainty. We hope at the 
end of this thesis to demonstrate that certain pressures 
are likely to evoke a specific response in some people. 
Such theories are not 'scientific' in Popper's sense. 
In fact he would not regard Freudian theory as 'scientific', 
though that is not to imply he would think it unimportant. 
As he comments (Popper 1963 p37) 
"This does not mean that Freud and Adler were not see~ng 
certain things correctly: I personally do not doubt that 
much of what they say is of considerable importance, •• " 
Skemp's V1ews, while expressed in a rather different 
form, make many of the same distinctions. For him there 
are Type 1 and Type 2 theories. (Skemp 1981 p28ff). 
Type 1 theories are general mental models of regularities 
in the physical world. He sees them as important in 
providing delta-one with bases for achieving goals in 
the physical environment. 
A Type 2 theory is a model of the ways 1n which Type 1 
theories are constructed. If we study how someone 
learns (or in this thesis, fails to learn), and make 
a mental model" of that process, we are making a Type 2 
theory. An important aspect of Type 2 theories is that 
they must allow for a considerable degree of autonomy 
1n the subjects studied. The position adopted is similar 
to that arising from Popper's classification. 
Skemp sees theories as very general models. My position 
differs slightly. I regard the statement of Newton's 
Law of Universal Gravitaion as a theory. He postulates 
that the attraction between two bodies is proportional 
to the product of their masses, and inversely to the 
square of-their distance apart. That is a theory. From 
it we make models of how the planets, say, move. The 
models have had quite remakable success - such as the 
. . of the existence of hitherto unknown planets. pred1ct~on 
The theory has now been replaced by Einstein's, and 
is now regarded as Dalse; y~r it still predicts as well 
as it did. It is interesting to observe that a ptolemaic 
view of the universe might well be very practical in 
programming a telescope to follow a particular object 
in the sky. Yet we do not believe in the theory that 
the Earth is at the centre of the universe. 
It may we~l be that distinctions cannot always be made 
between theories and models, yet in the cases mentioned 
it seems useful to do so. 
Theories in psychology are not likely to show the same 
sharpness in conception as the 1nverse square law. In 
part this may reflect the relative newness of the study, 
but the main reason is that people are less tractable 
than planets. 
Nevertheless, from our theories we may construct specific 
models. Skemp theorises that intelligence is the power 
to make models of the world, and the ability to reach 
goals using them. One model ar1s~ng from this 1S the 
director system explained in the last chapter. We must 
not expect the diagrams of director systems, with their 
schemas and comparators, to resemble our inner 
psychological processes in the way that a system of 
ellipses does reasonably represent the solar system. 
What the model does offer is a picture we can work with, 
communicate to others about, and perhaps predict for 
someone the consequences of certain actions he may 
contemplate. The diagrams do look, of course, almost 
as clearcut as those of tffi solar system. This may well 
be misleading, and when we look, for instance, at the 
diagrams of the 'six situations' of chalP=er.6, we"must 
accept that they are far more stylised representations 
than many of those in the natural sciences. 
Models lead us to speculate on further models. In the 
last chapter we developed a model of panic, as a flicker 
of consciousness between delta-one and delta-two. 
This arose from the original theory and in particular 
from the characteristic of the emotions in attracting 
attention. This new model both suggests a mechanism 
by which the reason can be severely inhibited, and 
provides an acceptable analogue for those descriptions 
of the state of panic offered by those who had experienced 
it. Our final testing demonstrates that certain threats 
can trigger the 'flicker' suggested by the model. 
The value of our models lies in their giving us mental 
pictures of the mind at work, to which we can attach 
items of observed behaviour. We then hope to establish 
regularities in what we do observe. 
Psychology is the study of Popper's World 2. Skemp 
uses the term 'reality', or 'inner reality' to contrast 
with the physical world, which he calls 'actuality'. 
The only part of World 2 to which.we have direct access 
1S our own mind-emotion complex. Despite the difficulties 
of studying oneself, this 1S a most valuable resource. 
It 1S unusual to learn of a response in another person 
which we cannot mirror to some degree within ourself. 
It seems that the balance of the elements of others may 
differ from our own, yet we can empathise to some 
extent with their thoughts and feelings. Some checking 
of psychological theories can therefore be done internally. 
A flat contradiction between a theory and our own internal 
perception of the way we work should encourage us to 
look closely at the theory - and then perhaps at ourself. 
When we look at others we have no direct access to their 
inner world. We must rely on their utterances. We are 
studying World 2 through World 3. There are important 
distinctions, however, in the utterances we seek to 
study. One obvious and sensible thing to do is to 
observe how subjects tackle pieces of mathematics. A 
second way is to ask them what is going on inside 
while they are doing it. The methods are distinct, 
but in no way incompatible; in fact they should be used 
in conjunction. 
It 1S only recently through the work of the Concepts 
in Science and Mathematics Project and the reports of 
the Assessment of Performance Unit that we have 
substantial information about children's performance 
in mathematical tasks. Consider the following question 
and its response. (Hart, 1981 p55 12e) 
"How many different numbers could you write down which 
lie between 0.41 and 0.42?" 
Percentage Responses 
Infinitely many, more 
than you can count. 
Lots, hundreds. 
8, 9, or 10 
1 
o 
12yrs. 
7 
5 
22 
17 
9 
13yrs. 
7 
3 
39 
8 
5 
14yrs. 
16 
5 
36 
8 
4 
15yrs. 
16 
Here we have a question aimed at an important concept, 
used with a large number of children, and clearly 
replicable with other groups. Not only is this hard 
information, but in the interviews with individual 
children, they often give reasons for their beliefs, 
or tell of the way they came by the knowledge. One 
child is described here whose grasp of the idea of infinity 
came through his father's interest in astronomy. 
The intent of the CSMS work is to form a hierarchy or 
'concept tree', from which authors or teachers could 
develope better sequencing of topics. The conclusions 
reached show us, among other things, that many mathematical 
ideas now taught early on are in fact too hard for that 
age-group. 
In this style of research the central feature is the 
children's performance in significant mathematical 
tasks. The descriptions by the children of how their 
minds work lie in the wealth of information in the 
reports of individual interviews. This material could 
provide an equally interesting view to that already 
published. 
In looking at the affective, it is to that sort of 
material we must turn. We are heavily dependent upon 
what the subjects tell us of their feelings. Occasionally 
we have external evidence. The tapes of the individual 
interviews described in chapter 8 reveal stress in the 
subjects' voices, for instance. Nonetheless, in general 
it has been necessary to use what the subjects say of 
themselves, with all the reservations about possible 
concealments, or even lies, that people under stress 
may use. 
Results such as those given 1n 12(e) above can, of course, 
be replicated. The same formulation of the question 
presented to any balanced sample of a particular age-
group will doubtless produce very similar percentage 
results. It is not certain that a variation of the 
formulation, aimed at the same concept, would give 
the same results. However, the methodology permits 
of replicable experiments. 
The experiments we describe to test affective responses 
(ch.8) seek to show certain likelihoods, but we must 
nct expect the statistical precision offered by tests 
of particular tasks. We shall show that a threat of 
a mathematics test produces many negative reactions, 
some in the extreme range, such as 'panic'. We cannot 
predict that with, say, 30 people, we can expect 5 to 
record 'panic' as their reaction. But we do predict 
that in most groups of this side, there will be some 
who recrd feelings at that end of the spectrum. 
We shall also show,with the explicit removal of the 
pressures we used, that people will record very positive 
emotional experiences. We cannot, again, predict how 
many. 
In the individual testing in that chapter, we try to 
create s~tuations where the subjects panic, and then 
try to retrieve them, so that they enjoy a piece of 
work. Not surprisingly, the subjects prove to be highly 
individual, and they do not always react as the experimenter 
predicts. That is the essential difference in working 
with people rather than things. 
Having said all that, we do hold that the results can 
be replicated by others using the same pressures. 
This thesis builds models of the way emotion may inhibit 
reason (ch.6) and in particular a model of a state of 
panic (ch.3). It asserts that two particular pressures, 
those of time and authority, trigger this state of panic. 
We have described how we test this. We now turn to 
the investigatory work (ch 5) that led to those models, 
and the isolation of the particular inimical pressures. 
The three modes of field work, the 'one-off' interviews, 
the 'in-depth' studies and the 'group' all proved very 
interesting to the experimenter. From the way they are 
named, it shou~not be assumed that the' 'one-off' 
interviews lacked depth. In each of them, the subject 
was closely questioned for upwards of an hour; it is simply 
that the 'in-depth' sessions went on for the whole year. 
Skemp's general theory was used from the start, but 
particular models for panic and other inhibitors grew 
as the work progressed, and their, validity was constantly 
discussed with all the sUbjects. All the work at this 
stage was investigatory, and it was therefore not 
sensible to work with a protocol, such as was used in the 
testing. As concerns emerged, reasons were adduced 
for their origins,and then discussed with all my helpers. 
~1ethods for correcting these concerns were also considered. 
Essentially, investigation and teaching went hand in hand. 
This method is very much 1n line with Steffe's constructivist 
approach. He summarises the approach as (Steffe 1977)* 
1) daily teaching of small groups of children by the 
experimenters 
2) intensive study of individual children as they engage 
in mathematical behaviour 
3) prolonged involvement with the same children over periods 
ranging from about six weeks to the academic year 
4) clinical interviews with children, and 
5) detailed records of observations through video-taping 
and the written work of children. 
The similarities of this style to that adopted 1n this 
thesis is evident. 
An important Soviet study (Krutetskii 1976) also bases 
some conclusions on the study of individual subjects. 
This is particularly true of ch.11 - "An Analysis of 
Individual Cases of Giftedness in Children". 
Contrast the style of Steffe and of this thesis with 
Opper's advice. (Opper 1977 p90-107) on interviews. 
"A particularly 
~~~.\n,r 
delicate aspect of t~method, and one~which 
every interviewer must be on the alert, is the tendency 
to suggest answers to the child. Inexperienced 
interviewers, and sometimes even experienced ones, often 
forget how easy it 1S to convey to the child cues as to 
how th'}' expect hiw to react •••• " 
It was diagnostic interviews to which Opper referred, and 
those of this work are not purely diagnostic. However, 
the dangers commented upon are important. It was hoped 
to avoid them by two features of this study. The first 
was that adults were used, and they proved openly resistant 
on many occasions when suggestions were made. Perhaps 
more importantly, such possibilities in the method were 
regularly discussed; it was explicit in the approach that 
the subjects commented on 
1) maths 
2) the way they thought about it 
3) the way they felt about it 
4) the way the experimenter was working. 
The discussion, the analysis of difficulties, the teaching 
and model-building all went on together, and they did not 
do so according to strict protocols, which at this stage 
would hve been inappropriate. 
(,t. 
There are other issues in the methodology, some of which 
may impose limitations on the conclusions reached. 
b~· 
The subjects chosen were adults of high general intelligence 
(insofar as we can define that). They were mainly in the 
educational world, and claimed specific 'failure' in 
mathematics. 
The choice of adults rather than children was based on 
several reasons. It takes a certain degree of maturity 
to discuss emotional responses. It is doubtful whether 
many children have come to sufficient understanding of the 
affective dimension of thir personalities to be able to 
discuss it in sufficient depth. Children may, of course, be 
more open than adults. However, the length of the 
experiment and the emphasis on openness and trust in 
all the work will have overcome some of the defences 
present in all adults. The final point in choosing adults 
was an ethical one. Some of the situations created were 
stressful, and we could not justify exposing children to 
them (though it must be said that many regularly face 
worse pressures in the classroom) 
The high level of intelligence, perhaps better characterised 
as articulateness, proved very useful. It was most 
helpful not to have to help formulate (and in doing so 
perhaps modify) what the subjects wished to say. Some 
statements, particularly by Elaine, clarified ideas 
remarkably through the sheer precision of language. 
~. 
'Failure' 1n mathematics was their own perception of their 
background. In any objective sense the fact that most took 
(even if~tbey failed) '0' level implies that all were 
probably well above average in mathematical performance, 
a fact they certainly did not credit •. All were more competent 
in other academic work, and saw mathematics as their 
great weakness. 
They came, largely, from the educational world. This 
helped communication, for we all had much in common. 
The reason were pragmatic; they could commit the time;··~hey 
felt it relevant to their work& they knew the experimenter. 
It is not claimed that they were a balanced sample;" What 
they said might only be relevant to that type of person. 
If so, it remains important, but there is evidence that 
what they say has certainly wider relevance. 
In fact, depth investigations, even of so relatively few 
people, may well have wide applications. The number of 
patients seen by Freud in his lifetime might well not 
prove a good statistical justification for his theories. 
Subsequent reactions to the popular version of this work 
(Buxton 1981), from various parts of the world, show that 
the responses elicited from those investigated are 
replicated in mny others. It is interesting to note 
that the Cockcroft Report suggests (sect 21) 
"The feelings of guilt to which we referred earlier 
appeared to be especially marked among those whose academic 
. h' h " qualificat10ns were 19 ••• 
It may well be that the responses described in this work 
are stronger in those studied than in the population at 
large. It is enough that they are present in an important 
minority. 
As to specificity in mathematics, this is not claimed. 
Indeed it is to be hoped that the recognition of the 
damaging effects of time and authority pressures might 
be of help across the curriculum. There were sufficient 
comments specifically related to mathematics, however, 
to suggest that, while extremely negative reactions can 
develope 1n many teaching situations, there are certain 
features of mathematics that increase the,~likelihood of 
such feelings being generated. 
We shall return to some of these issues at the end of this 
thesis. 
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CHAPTER FIVE 
THE FIELD WORK 
THE FIELD WORK 
In all there were three modes of enqu1ry. In the first, 
which was mainly ~reparatory, I talked with twenty-four 
people who claimed to have difficulty with mathematics. 
The discussions were not heavily structured, and, indeed, 
were at times rather discursive. In the discussions 
a number of hints and suggestions of matters that I 
might pursue emerged. 
The second mode was the group work, which was central 
to the whole investigation, and involved two hours a 
week with the grou~ over the whole year. The style had 
structure, as we shall shortly describe, but the 
discussions were still intended to be investigatory 
and were in no sense according to any strict protocol. 
The third mode was the individual 'in-depth' studies. 
These had not been ~art of the original plan, but so 
valuable were the initial 'one-off' sessions, that 
this was a natural develo~ment. 
As ideas and s~eculations arose, I wrote a series of 
~apers, which were then fed to all the subjects for 
their comments. This ~rocess unified the work, and 
meant, f6r instance, that as the situations of chapter 6 
emerged, they were considered and amended through 
regular discussion. 
The 'One-off' Interviews 
Those interviewed were effectively self-selected, in 
that when it was known that I proposed to conduct this 
enquiry, many people spoke to me of their interest 
in it, and offered to be interviewed. They were in no 
way a balanced sample of the population, mostly coming 
from the group described in Cockroft as being well-
qualified in general terms, but with deep-seated fears 
about mathematics. Had it not been that it was the 
fears I wished to pursue, rather than their knowledge 
of mathematics, many of them might well have reacted 
as did those in the report, and refused to discuss the 
matter. 
The number included the heads of three major London 
secondary schools, several other heads of primary 
schools, a range of people in advisory work (including 
two of my colleagues in the ILEA Inspectorate), two 
well-known educational journalists, a number of other 
teachers, and some unconnected with the educational 
world. 
All of these people, as far as I could judge, were 
successful in their work; their fears of mathematics 
did not appear to have hampered their careers, though 
in some cases it had had a marked effect on their 
personal self-esteem. 
The interviews were mainly conducted in some privacy, 
in my dffice or in theirs, though one was pursued over 
lunch in a restaurant. The subjects were encouraged 
simply to talk freely of their experiences in mathematics 
classes. Despite the fact that for most of them these 
were many years in the past, their memories, particularly 
of unpleasant events, were vivid. As points of interest 
occurred, I would question them more closely on those 
matters, particularly, but not solely, those with a 
strong affective element. As I gained more experience 
in these interviews, my questions centred around the issues 
I saw emerging, but at no time did I ask about such 
issues unless it had arisen in what they said. I was 
anxious not to feed in ideas which might be too readily 
agreed with. 
Some of the memorles were clearly stressful. One 
head of a large school confessed that my coming to see 
him about mathematics had created great tension for 
him leading up to my arrival. 
The issues arose, as I have indicated, in an unstructured 
way. Detail of some of them now follows under general 
headings that seemed relevant at this stage. 
The first category is their general view of school 
life as they experienced it. Their attitudes varied 
from affection to horror. For some, their (relative) 
-rs; . 
failure in mathematics was a matter of puzzlement in 
an otherwise enjoyable school life; for others it was 
the lowest point of a generally disastrous school life. 
Some of them liked their teachers, others did not. The 
reflections of matire adult minds on these teachers 
are telling:-
~. 
"All assumed that what they were saying was comprehensible. 
The maths. teacher only explained anything once and then 
it was very difficult for anyone to ask questions because 
she always gave the impression that anyone who didn't 
understand the thing the first time was quite stupid." 
"If you resporyded correctly to the marks he made on the 
blackboard you evidenced understanding; if you responded 
incorrectly yu were somehow breaking a code that he 
had established that you were supposed to conform to." 
Thes are sophisticated observations, made in retrospect, 
but the attitudes about authority held by those teachers 
is evident. Sanctions were directed at a lack of under~ 
standing, rather than at laziness or disobedience, where 
they might have been more appropriate. There were 
powerful memories of parental reinforcement of: these 
attitudes. 
Punishment varied from mild and oblique expressions 
of dismay or disappointment (sometimes carrying great 
weight in a child's mind), through blatant derision 
('I was being singl~d out as a ludicrous object') to 
savage beatings. 
One said of his father:-
"when I was between seven and ten he must have realised 
my arithmetic was very ~ad and he set me long division 
while my friends were playing outside. I was crying 
my eyes out. He locked me up for two or three hours, 
but I just couldn't do them." 
Another, of school:-
"L've always associated maths. with fear and trembling. 
I managed to escape with a beating once a term." 
The authority stretched to matters of presentation:-
"It was the whole school ethos. You got your figures 
in nice lines and you had vertical lines in maths. books 
(which my writing didn't fit anyway) and if you didn't 
do it, it was a mark of insolence and deviation and 
all sorts of things." 
Many people had very clear memories of their performance 
at school: some could remember marks in particular 
examinations, others exactly when they gave up in the 
subject. One person claimed he gave up when asked to 
learn the two times table; others could also define 
17. 
exactly when:-
"Well, I know the point where understanding switched 
off. It was somewhere just beyond quadratic equations, 
and I learnt the formula." 
This is a nice comment on remembering and understanding. 
For another the appearance of the letter e was critical. 
He asked the teacher what it was and was told it was 
a circle with a line across. He felt it must be 'something 
rather grand', but it was the final straw for him. 
One story of long frustration is worth telling at some 
length. The person involved has a good degree and a 
senior post in the educational world; he had a very 
detailed recall. 
His father was a carpenter, who believed that mathematics 
was the only school subject that mattered. He himself 
accepted this view and worked very hard at mathematics, 
with, he says, no distaste. The experience was 
frustrating, and yet not upsetting. He wanted to do 
mathematics, he still wants to do it and he does not 
know why he cannot do it. 
At primary school he had no difficulty with the 'four 
rules' but 'problems' were another matter. In the 11+ 
he got three right and he remembers to this day the 
mistake he made in another. 
and he was very upset. 
His father was very cross 
At his grammar school there were four sets in maths. 
and he was shocked to find himself in the fourth. He 
had to conceal it from his father, regarding it as 
shameful. He was determined to work hard to get out 
of it. The following year there were five maths. sets 
and he was in the fifth. 
At General Schools he could not get a pass, let alone 
the credit he needed for matriculation. In the sixth 
form he took mathematics as a subsidiary, slaved at 
it, spending.more time on it than on his main studies, 
but again with no success. 
The second category we now look at contains more personal 
observations, in that they look inside themselves, or 
reflect upon sensitive areas with parents or teachers. 
It helps in discussing emotion that people can reflect 
upon it and express in an'-- articulate and cogni tive 
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way what their feelings are. A typical panic reaction was:-
"A string of figures and my brain seizes up." 
A less strong response, but one in the long-term that 
it very damaging is that of frustration:-
"My frustration at not being able to do maths. then led 
to a frustration at being obliged to spend time on it 
which might be better used elsewhere." 
A sense of bewilderment was often expressed:-
" •••• and the thing I remember about maths. is of course 
a fantastic lack of comprehension." 
When pressed for his reaction to a particular problem 
this subject said:-
"Well, it's a bugger's muddle is what goes on in my head 
when I'm faced with that." 
It was clear that their was often disquiet about early 
authority relationships, with teachers and parents, but 
some was not possible to follow up because of its very 
personal nature. 
Essentially authority must relate to inter-personal 
issues, but by people attaching great importance to 
mathematics, it attracted to itself as a study the 
standan\reactions. Some were submissive, and tried to 
conceal failure, others rebelled, and clnmed that 
mathematics was not important (note Hilton's classifiacation 
in chapter 2). One interesting comment showed a 
detachment that was probably not achieved at the time:-
"Authority figures often ask about unimportant matters 
and thereby give them a cachet they do not deserve." 
The concern with time pressure that later I came to 
believe to be significant did not emerge strongly at 
this stage, but it was clear that people believed 
that maths. had to be done quickly, and did not like 
that aspect. One person did say that when she was 
rushed 
"I just blank off." 
One interesting feature of a string of interviews 
like this is the t1u~l)t!r of times the same phrases 
are used, mirroring an internal event which we finally 
hope to examine. 
A third category of response concerned the view people 
took about the nature of mathematics. It was spoken 
of as cold, precise, formal and abstract:-
"I can't think abstractly enough for this sort of thing." 
There was a general belief in the firmness)fixity and 
precision of mathematics. One subject thought the 
last two notions the same, and this may have been at the 
root of his inability to come to terms with the idea 
of variation. These feelings were linked with the 
belief that mathematics is not man-made but is external 
and intractable. A cur10US observation may represent 
a concern that many have:-
__ -",,-" -
"I felt I could not actively impose my personality 
on the material which was being presented." 
There was an acceptance that there were 'rules of the 
game' in mathematics, but it was not understood how 
many were at our own choice. 
"f'.1athematics has been presented to me as a fixed body 
of knowledge, which has been handed down, which embodies 
certain abstract truths and which one has been expected 
to imbibe of and reproduce." 
An understanding of certain features was revealed in 
this comment:-
"It seems to me a very private occupation, whereas 
writing, speaking, drawing are partly communicative." 
The notion of a mystique was widespread:-
"I dislike doctors because they seem to have wrapped 
themselves round in magic - mystique - and I feel 
mathematicians have the same quality." 
This rem~~k I followed by asking if he saw mathematicians 
as priests. He replied very firmly "Yes". 
" •.... and do they have power?" 
"Priests always have power, don't they?" 
Others had images of gurus (who knew maths •. ) and 
were surrounded by disciples. This touches upon the 
issue of authority, but would have been interesting to 
follow up in more depth. 
The question of relevance to the real world was seen 
in various ways. It seemed possible for people to 
hold the views already expressed, and still recognise 
how important it might be in practical terms. 
"The important distinction here is that in the classroom 
maths. was a matter of juggling around with symbols 
and numbers, where it had no meaning at all in my mind. 
In physics your u's and v's represented certain 
quantities, and you had a purpose in working out a 
formula to find a focal length." 
A geographer took a similar view. He had been involved 
in a study of a projected line on London Transport, and 
its likely effects. Despite his general distaste for 
mathematics, he even enjoyed it in this context. 
A number of similar views at the more mundane level of 
household accounts suggested that mathematics might be 
liked if seen as 'useful' or '~elevant'. 
There were some counter-arguments to this being the 
main criterion. I asked a number of the subjects if 
the thought the question as to whether the prime 
numbers went on for ever was intrinsically interesting. 
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Though it is difficult to see how this could ever be 
useful, most regarded it as definitely interesting. 
Mathematics was seen by nearly all of my subjects as 
a movntain of material, formulae, routines and facts. 
This view resulted from them all having moved from 
trying to understand to trying to remember at some atage 
in their learning. 
"We had to learn the theorems by heart (fifty or so) 
and then regurgitate them. 
pass that geometry exam." 
In no way was I going to 
"You just had to remember them •••• lots of them." 
"I think of maths. as an attempt at remembering routines, 
and I gained no comprehensive view of the subject. " 
The nature of mathematics left people with concerns 
about whether they could 'control' it. This was clearly 
related to psychological concerns about inner stability. 
"That is why I have an allotment. It is the one place 
where I am absolute boss and absolutely independent, 
and I can order things exactly as I want. In a tiny 
way I get that pleasure in adding up a column of figures 
or in working out exactly how much income-tax I should 
pay 1n a year. I get real pleasure out of doing simple 
calculations. " 
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The last category we shall deal with here is that of 
particular issues in the mathematics, but it was the 
reactions to them that are most significant. 
The first big hurdle for many had been long division, and 
some remarkably strong feelings were attached here. In the 
case of Elaine, which we shall report shortly, the 
purely cognitive explanation that it was simply a method 
of taking away one number from another as often as one could 
resolved a long-standing emotional problem. 
Place value had caused many intellectual difficulties, 
which then developed to emotional blocks. 
"I missed out on hundreds, tens and units and never 
understood it, and it had to be done in vertical 
columns, which I couldn't do anyway." 
The most serl0US stumbling block for many came with 
the introduction of x, which they knew as the 'unknown' 
and was in consequence invested with mystery. There 
were, of course, genuine cognitive problems in the 
shift from x as something unknown but findable, to 
a multivalued x, to the notion of a variable. 
I also found other examples where the notation inhibited 
learning; there can be strong emotional reactions to 
certain symbols (Buxton, 1982). To one subject I 
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offered the phrase 'Let n be the number such that ••• ' 
and he interrupted with:-
"The shutters come down." 
Here the phraseology may be as important as the use 
of a letter for a number. 
As expected from other studies, people varied greatly 
in their spacial perceptions. When asked for the number 
of small cubes in a larger one made up of three small 
ones each way, some answered immediately, some took 
a fair time, but were usually then correct, while one 
person had no idea at all. When then asked how many 
were on the 'ground floor' of the large cube she replied 
'36'. Then asked to reconsider she said:-
"There are four on each side - that's twelve round 
the perimeter - and them some in the middle." 
Related to this issue was the reaction to diagrams of 
an explanatory type. Some people obviously find them 
helpfulJ for others, they positively inhibit learning. 
Krutetskii has pointed out how marked can be the 
imbalance 1n a person between spacial and analytic 
ability. Since we do not expressly seek to develope 
it, we may wonder how much is innate. 
~. 
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These preliminary interviews therefore offered many 
leads, only some of which bear upon the eventual task 
here - to examine panic. Others were the starting point 
for the analysis of chapter 6, and all gave me material 
worth using in the lengthier work of the other two modes. 
There is perhaps one last quotation, however, and this 
the only one from a child:-
"I think l.n th I e P ayground, when I go out to play." 
The Group Investigation 
Because of my experience in group dynamics, and its 
particular value in exploring emotional issues, I 
had determined to use a group teaching base for the 
main investigation. The structure needed for this 
work was fairly clear when I started, but there were 
changes in emphasis as we proceeded. The techniques 
since developed from here show even more structure. 
The first important matter was the size of the group. 
There are quite close limits here as to what 1S suitable. 
A group of six or less does not seem to work as a group, 
and is more likely to split. In a group of ten or 
more there will be some people who find it extremely 
hard to participate, particularly if they are describ~ng 
their feelings. 
In the event I recruited seven people, which with myself 
gave a group of optimum size. It was also balanced 
in terms of sex, with four men and four women. I had 
looked for people who were on the whole well-qualified, 
but with relatively poor performance at mathematics 
represented by a failure at '0' level. In fact, two 
had managed to get '0' level, but in both cases by 
scraping past at the age of eighteen, having scored 
five failures between them before succeeding. More 
important than the failures were the feelings they 
expressed about maths. All were fearful of it, but 
curious enough to explore this fear with me. 
Before the sessions, I knew three of the people well 
and two slightly. In some ways it would have been 
easier to deal with a group none of whom knew me and 
none of whom had relationships with me in our daily 
work. This would have meant that for all of us the 
group was a weekly experience unrelated to any other 
activity. In this way no preconceived authority 
relationships would have existed. 
All of the people had heavy work commitments, some 
of a very responsible nature. It was therefore 
important to me that they were prepared to give a very 
high priority to attendance at the weekly sessions. 
In the event, the attendance rate was extremely good. 
(for detail, see Appendix A) During the first two 
terms, out of a possible 184 attendances there were 176. 
In the summer term, one member had to leave altogether, 
owing to the demands of a new post, but despite the 
fact that two others had to take school journeys, 
there were still 81 attendances out of a possible 91. 
There are a number of important principles in running 
groups of this sort. Some derive directly from the 
absolute need to trust one another. Without this 
trust, very little that is reliable will be said. 
One 1S that what goes on in the group is private to 
the group. This does not apply to mathematical 
content, but to effectively everything else. 
Naturally clearance was sought after the year from all 
the members before such material as has been published 
was released. 
It is also important that no-one enters the room when 
the group is in session, or the feeling of being a group 
can be lost. At a very practical level this would 
make sense in all classrooms. The assumption made in 
most schooJ& that anyone can come in to get a pencil 
or deliver a trivial message is qui te counter to good 
learning practice. In work with a group where the 
dynamic is considered, the need for it to be well-defined 
is represented by its closure to others. 
Another defining feature, not possible to ensure 
during this study, is a very prompt beginning and end. 
The fact that it exists for that time, and only then, 
is significant. 
The sessions were of two hours, with a break. This is 
not ideal, and an hour and a quar~er might have been 
better, with no break. 
The work proceeded mostly by discussion; we sat in a 
circle. We were not precluded from using materials. 
The venue was a mathematics centre, and a wide range 
of aids was available, but they were not much used. 
The most important issue in such a group is the definition 
of what may be talked about. Initially I was not as 
clear about this as I later became, but in essence the 
permitted range was:-
1) Maths. content 
2) How we thought about it 
3) How we felt about it 
4) Teaching issues arising from the discussions. 
There was no set pattern as to who spoke when, and I 
tried not to exercise a chairman's role. On the whole 
this worked, certainly the men, as is usual, tended to 
talk more, but all contributed regularly. It was accepted 
that that there was freedom to move from one of the 
defined areas to another at will~ 
An example may help understand the sort of thing that 
happens, though people who have worked in these groups 
find that they are not really in-tune with the style 
of working until they have been in it for some months. 
If we considered, for example, operations with directed 
numbers, they might first struggle with finding an 
answer to something specific, such as (-3)-(-5). All 
would attempt the problem, and arrive at various answers 
They would then argue about them. Whether or not they 
then reached agreement, each would say how they had 
thought about it, trying,not to get the answer right, 
but to get the thinking right. There might then be 
a statement from someone about feelings they had always 
had about negative numbers, or about being made to 
feel stupid, perhaps in the past, but sometimes in the 
present situation. This would lead to a discussion af 
what had been said to make the person feel'uncomfortable, 
and this would then be interpreted as a pedagogical 
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point. The flavour of such discussions, particularly when 
it is emotional responses that are being talked about, 
1S varied and can be stressful. It is the development 
of trust that leads to the proper exposure of what is 
really going on in a learning situation. 
My role was to indicate areas we might work on, and 
sometimes to interpret what was happening in the 
group dynamics. Generally, the less I intervened, the 
better the session. 
The actual topics discussed 1n each seSS10n are listed 
in the Appendix B, together with those stages where 
we developed ideas relating to the situations of the 
next chapter. 
One further matter for discussion in the group was 
the developing theory, presented by me in a series 
of papers which, as they were prepared, were circulated 
and considered (mostly between sessions) and then 
reviewed in the session. 
As we worked, we became more and more aware of how much 
time is needed before an idea has really been internalised 
by all those present, and at times we worked, it seemed, 
very slowly. Yet the work was continuous, and that 
must be the real criterion. We found that the social 
pressure on a person not to hold up progress was very 
strong, until we could accept that we were not heading 
to a particular goal, but that learning and understanding 
was the goal. If one person lagged behind in grasping 
something, it was the job of the others to help them 
through the difficulty. 
A feature of the slowness was that it seemed even more 
essential in shifting attitudes, than in gaining under-
standing. 
This then, describes th~stYle of the group: the list of 
matters discussed appears, as we said, in the appendix. 
However, it is necessary to illuminate the proceedings 
with some quotations, and we shall group these under 
categories, as before. 
In the first, we detail some of the mathematics which 
was done, and their reactions to it. 
We made a very curious start by plunging into conic 
sections. The only reason for this was that one of the 
group was designing helmets for a film production and 
the designer wanted them to be elliptical. We used it 
to explore the notion of a point moving under constraint, 
and when I told them of the focus-directrix property, 
they drew the curve. This involved more direction on 
my part than I wished, but when we looked at points on 
moving wheels, they did much more by themselves. One of 
them was a railway enthusiast, and when they looked at 
the locus of a point on the rim when the wheel was s 
slipping, he commented:-
"If it came in at more than a right angle it would 
have to have a loop to get on to the next revolution." 
This is the sort of conceptual understanding often 
impeded by symbolism. 
The mUltiplication of directed numbers was grasped, 
paradoxically, because a separate issue had distracted 
one member from the maths. (situation 3 of chapter 6) 
She had just bought a house, and this totally absorbed 
her thinking. We then made a breakthrough;, using the 
appreciation and depreciation of cars and houses we 
modelled negative numbers in a way that they found 
acceptable. 
At first this seemed a strong argument forI 'relevance', 
yet before long we were discussing the fundamental 
theorem of arithmetic, and then doing (because they 
asked to see) the square root by the long method. 
This seemed to afford equal interest. 
-, "'T"' 
On the whole, geometry intrigued them. We did the 
angle sum of a triangle 
"That's the nicest thing we've done the whole year -
I love that." 
I showed them the theorem as stated in an old textbook 
"In one sense it has a lilt - on the other hand it 
is gobbledegook." 
It was not only that understanding was coming, but we 
were reassessing the past that had led to most of 
them being." in situation 2 of the next chapter. 
We managed to establish that some of the harder questions 
at '0' level were within their grasp, but more importantly 
we altered views as to what mathematics was about. 
The second category contains teaching points. With 
most of us teachers, we often dwelt on these. 
We returned again and aga1n to the question of relevance 
as a motivator. In terms of our model we are seeking 
to have the emotions lending weight to the reason, 
rather than impeding it. Often a external desire 
or need gave great impetus. This was the motivator 
for the conics, it led to the breaktorough on directed 
numbers, and graphs generally were seen as media 
communicators, and with socio-political applications. 
There was a second-hand relevance in the theory of 
indices and the fact that they led to logarithms. 
Though these are now obsolete as a calculating tool, 
the relevance in the period when science was becoming 
overwhelmed with calculation was fully accepted. 
Another sort of relevance lay 1n the psychological area. 
It was clear that some of the backlog of failure that 
led to their present state lay in the fact that they 
could not match what they were told with their own 
intuitions. The resolution of some old difficulties of 
this sort W&s· important·~ One member exclaimed about 
logs. 
"It was never taught in that way. That actually makes 
it simple. Ludicrousl" 
It was not just logs. He now drew the conciusion that 
there might be much else that he could now tie to his 
own thinking. 
Two more quotes show the need to make the information 
fit inside, and the satisfaction when it does. 
"Why do you double the last figuEe?" (of square rooting) 
'fb. 
"I don't like applying something when I don't know why 
it does what it does." 
A further example allied to this came when two of the 
group reached different results. One then convinced 
the other that his method was correct. The other then 
complained that while he saw the correctness of the 
method, he still needed to be shown why his was wrong. 
So relevance can be extended to sorting out one's 
mind. There still remains the sheer joy of knowing 
so~hing. One member, when she had grasped the 
focus-directrix property revelled in describing 
it to a mathematician friend. 
We worked on understanding a good deal, and sought 
a measure of when we could say that something was 
understood. At one stage we wondered if the ability 
to defend what one knew against questioning by 
someone clearly more able at mathematics than oneself 
was a measure. It turned out that it might depend 
more on the confidence of t~ person than his grasp of 
the topic. 
The methods adopted were designed to glve a deeper 
grasp than was usual, and I had hoped that retention 
would be much better. We had no testing of this, only 
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subjective views. Ideas were still forgotten, but 
it did seem that retrieval was easier, and a very 
valuable memory of 'mastery' of the sort described 
by Eagle (1978). 
The central issue for this thesis is the way the emotions 
affect learning. We spent the whole of an early session 
on the meaning of panic. DUring this session we looked 
at the physiological manifestations, the distinction 
between the reponse of frenzied action and paralysis 
when in panic. We looked at critical survival crises 
(such as racing downhill without brakes) where the 
very reverse of panic was induced, with an unnatural 
calm. enabling effective action. After a long while, 
everyone came to agree that, though the issues in the 
maths. classroom are objectively much less serious 
than others discussed, they do on occasion induce 
genuine panic. Some of the group were so far 
advanced in their fear of the subject that the mere 
threat of having to do mathematics induced immediate 
panic 
"Panic 1S when you dry up before you start. Finished 
done! I've never really tackled anything in maths." 
With every point in maths. we checked how we felt about 
it. Tensions were mostly remebered from school rather 
than experienced in the group, but there were occasions 
when people became very upset. On two occasions members 
experienced deep disappointment at having thought they 
had been successful and then finding they were not. 
It is not the fact that they were experienced that is 
surprising, but the depth of the experience is. One 
person spent a whole evening in deep despair, at this 
objectively small issue. 
These feelings were sometimes too strong to be openly 
discussed, and I had twice to see people outside the 
sessions. On another occasion a member felt that a 
very sore point was emerging from har teens, and 
had to avoid the issue. This was a relevant matter 
for situation 6 of the next chapter, and the notion of 
a 'ladder to the past'. 
Strong feelings of inertia and unwillingness to work 
manifested themselves once or twice. We attempted to 
discuss and analyse them, for they were of great importance 
for the classroom, but we made little headway. 
It remained fairly easy to crea~e anxiety even ln so 
generally comfortable environment. I did not set out 
to do this, but I occasioned it at times. Once I thought 
that it would be a good idea to demonstrate that 
someone understood something by getting them to explain 
it to everyone else. As I looked for someone to do 
this I realised that all were in panic. 
The existence of these strong emotions, and the fact 
that we were expected to discuss them, did eventually 
lead them to talk of their feelings towards the teacher, 
myself. These revealed that there were still very 
negative reactions, not at a conscious level. In 
particular, the presentation of problems was still seen 
as an attempt to trick or embarrass, which prevented 
them being worked at properly. Even whensomething was 
explained by me on one occasion, there was a comment:-
"It's clever •••••.• but it's still a 'con'" 
A great number of issues arose therefore, some well 
worth following, but the work here and in the three 
individual studies formed the basis for the rest of this 
work. 
I~· 
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The Individual Studies 
Three people, L, S, and E, worked with me on an individual 
basis. L worked as an advisory teacher in the same 
building as myself, S as a primary teacher at a local 
school, and E was a secondary head. The first two 
came to my office, roughly once a week. 
E at her school and we used her office. 
I visited~ 
In most weeks there were three seSSlons, one each 
with Land S, and one with the group, during which 
the same ideas and mathematical material might be used. 
This focussed thinking and allowed each to serve as 
sounding boards for the others. 
The 'in-depth' seSSlons, as we began to call them, 
yielded rather deeper personal insights into these 
three people than were gained in the group. Thexe may 
have been idiosyncratic reactions at times, but 
any speculations arising from such responses were always 
checked with everyone. 
With all three subjects it became apparent that there 
were issues in early chidhood, connected with authority 
relations with their parents, which were liable to 
surface. At first this seemed surprising in a study 
of maths. anxiety; it led to the formulation of 
situation 6 of the next chapter. I had not been prepared 
for psychotherapy, which some of the sessions verged 
upon. However, as mature adults they were able to 
control what they would discuss and what not. 
In describing now some of the sessions with Land S 
we shall see those issues that came up in the group 
repeated wi th different emphases. The slttidy, of ",E (laine) 
is given in Appendix c. The same 1ssues arise, often 
with greater sharpness, but it is placed in the appendix 
to stand on its own as.an approach to dealing with 
a very dee~-seated fear of mathematics. 
lo:a.... 
"L" 
At '0' level L gained seven passes and failed only in 
mathemtics. She remembers this :' failure' beginning 
in the final year of junior school (though there was 
no suggestion she could fail the 11+). Her junior 
school was a large one, streamed, with three classes in 
each age group. Even within a class they were streamed 
by ability, again into three groups. Effectively, then, 
there was tight streaming into nine sets. L was in 
bhe top class, and within that class in the top group 
for everything until she was 'put down' into the second 
one for mathematics. This separated her from some 
friends and she regarded it as failure and felt diminished. 
When I pointed out that she had been in the second set 
of nine, it seemed a new idea, despite her clear 
knowledge now that this was so. 
She passed into a high-powered grammar school, entered 
the lower sets in mathematics, and began to fail. She 
said that if she did not understand, she did not bother 
to ask 
"\ve ll, not bother, a certain embarrassment." 
Corrections of this sort may have a special significance, 
and an analysis of the reason for the embarrassment 
should perhaps have been sought. 
104. 
L was very inclined to use 'can't remeber' as a defence. 
We both acknowledged this, but accepted that the memories 
that were surfacing were not ones she wanted to discuss. 
Her tentativeness at times (though she was very frank 
at others) led me to the interpretation that the 
encounter was seen as mirroring earlier one-to-one 
meetings which she had not enjoyed. (Situation 5) 
We discussed what interested her in mathematics, and 
she probably had more mathematical intuitions than 
the other subjects, particularly in geometry. When I 
asked if she though it interesting whether the angles in 
the same segment of a circle were equal (in a diagram, 
not in words) she thought it 'obvious'. When similar 
angles were drawn 1n an ellipse, and she was asked if 
they were equal, she said:-
"No, because it narrows down here." 
On the other hand, asked if it were interesting whether 
the primes went on for ever, 
"No, I don't care - it doesn't matter to me or my life." 
L's replies sometimes reflected her state of mind; 
the last answer was given after she had just failed to 
do an earlier problrm on primes. 
LIs responses were fluid, and showed real interest at 
times. She thought the idea of a mathematical 
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principle 1n Greek statues was 'magical'. 
Despite her spacial ability, L did not even try to 
see how many small cubes there were in a 3x3x3 large 
one. She responded very rapidly '54'. There were nine 
cubes visible on each of six faces. She believed there was 
a formula for everything, and in connection with this:~ 
b
· " "But I see the whole of maths. as remem er1ng. 
An important aim of this work was to interest people 
(at least occasionally), and then to reflect upon this 
enjoyment. I got her to look for the first perfect 
number after 6 ••• she worked at it 'began to get 
curious' and then finished it as a chore and did not 
believe that the answer she got was right. 
During the year we worked on the issue of enjoyment, 
eventually with marked success, when she explained 
to a friend that she was doing fractional indices, 
and 'quite enjoying them'. Her friend remarked that 
'even: looking at those fractions, my stomach turns.' 
L was interested in philosophical points, and was 
interested whether mathematics was invented or created. 
"~ve recognised 'five' but it was always there." 
IUU. 
Talking to L led to one important distinction. If 
we have had a pleasurable emotion, we seek to have it 
again. Inprinciple, therefore, if success brings pleasure, 
we should want to do more to get this pleasure. In 
fact, for those with repeated previous failure, 
there is a different reaction possible:-
"Yes, but that is just a relief." 
Relief is the pleasurable emotion we may not seek to 
re-experience - in Skemp terms, we are not reaching 
goals, but avoiding anti-goals. 
L had some clear points on judgement and authority, 
which we shall see finally as some of the most 
inhibiting factors in learning. One, also touched an her 
view of mathematics, as opposed to writing an essay:-
"You have a certain freedom in that .. If you get a low 
mark you can think they just don't understand. You 
can question their judgement because it is so uniquely 
their judgement. " 
But with a maths. teacher ••. 
"No, he 1S totally right and you are totally wrong." 
The authority was clearly oppressive to her. 
10? 
This distrust of the teacher-pupil relationship was 
sometimes directed at me. In giving her some problems 
she felt I had been dishonest and manipulative. I had 
said she might not be able to do them (as a guard against 
failure, as I thought), and she had found them easy and 
was disappointed. 
L always felt that questions had to be done quickly. 
There was a self-imposed time pressure, even when I 
insisted there was no hurry. Once recognised, its 
importance became more and more evident, and a point 
with E brought it home very strongly. 
An issue perhaps at the other end of a spectrum 
from the chaos of panic is that of control - or 
perha~s one aspect of panic is being out of control. 
The word 'control'kept coming up (as with the 'allotment' 
man) • L is a very organised and controlled person. 
"Everything has its place, and it's put back in it, 
and maths. is the one area where things don't have 
their place. That's obviously why I blocked it out 
for so long." 
There was an interesting happening with L which did 
not occur with the others, and relates to situation 6. 
We were obviously touching on early relatio~ships with 
her mother at one stage, and she broke off the sessions 
for several weeks. She said that I was probing where 
she did not wish to be probed. 
, S ' 
Originally S had been very keen to J01n the group, 
but fixing a day had proved difficult. S was thirty-two 
and at the beginning of her third year of teaching. 
She had taken three '0' levels at school, spent 
two years in France becoming fluent in the language, 
worked for a photographer, and then decided to train 
for teaching. 
(not maths.). 
She had taken two more '0' levels 
S had come to see learning as competitive, and did not 
want to com~ete. Throughout the interviews, she often 
saw the encounter as a competition, which she was going 
to lose. She also wished not to promote expectations 
inothers which she could not then meet. We did not 
get at the underlying causes, which almost certainly 
lay outside mathematics, but as far as maths. was 
concerned, 'it was almost as if I can't bear to be right' 
This was most noticeable when demands for quick answers 
were made (she broke up rapidly under time pr~ssure), 
was always present when I was explaining something, but 
was much lessened when she was free to explore. 
She enjoyed wood-block puzzles, and liked fitting the 
pieces together, she herself initiated an exploration 
with cubes getting larger and larger, with the outside 
painted black,to find when there were more unpainted 
small cubes than painted. It was perhaps the fact 
that there was no person there that helped. They 
provided authority pressures, and reminded her of 
unhappy one-to-one encounters of all sorts. 
I~, 
It was a mathematical point that few would regard 
as 'relevant' that had prompted S to get involved with 
mathematics agaiQ She had read the well-known story 
of Hardy and Ramanujan; Hardy remarked on visiting 
Ramanujan that the taxi that brought him had the number 
1729, which he could see no interest in at all. 'Not 
at all' said Ramanujan 'it is the smallest number that 
can be written as the sum of two cubes in more than 
one way.' This story had caught her imagination. 
It was not so much the fact, as that someone could have 
a mind that thought in that way. She made the important 
statement on relevance:-
"It's what has connections for you." 
It is the satisfaction of adding to existing schemas, 
rather than external relevance that is here at issue. 
The issue of control, mentioned by others, was important 
for S:-
"I'm a great one for control." 
She added that a sudden demand can break this control. 
She agreed that a displaced anxiety (situation 6) 
could be 'pushed into that area because it is such a 
demanding area', and that the frenzied activity she 
sometimes showed was to avoid experiencing such demands. 
S expressed very strong feelings at times, and 
interpreting what is behind her statements is not easy. 
The fact that 'minus times a minus gives a plus' was 
found unacceptable by most of the subjects - but 
S says:-
"Forced to accept somethingFhen you don't want to, the 
whole of you revolts against it, emotional, authority 
things, you've never really assimilated it." 
At times I delitierately applied pressures. On one 
occasion I asked S to factorise 12, and then add up 
the factors. I then indicated urgency with a slightly 
demanding gesture of the hand. 
"s. Who? Me? Yes? At the sudden demand. You see, 
of course I can add that up. Of course I knew what the 
factors were, but as I mentioned before the sudden 
pressure of the expectation to do it quickly -
immediately I can't. 
Self. How would you describe this feeling? 
s. Panic. Having panic at this level is stupid really. 
Yes, panic in the mind, it was almost a panic 1n the 
mind with those figures dropping away. You know I 
had to keep recording them to be able to add them up." 
At this time I had not introduced the word panic to S. 
Later I wrote a discussion paper on it for the group 
and the individuals. S had remarks worth quoting at length. 
"In your paper on panlc there seemed no very precise differe 
difference between PANIC in the ~1IND and an emotional 
feeling in the stomach, sweating, numbing, etc. I feel 
these are very distinct things. With me, -the mind 
itself is thrown into a confusion and cannot make the 
necessary connections. I am not necessarily sweating 
or stomach-churning but am trying desparately to calm 
the mind so it will perform the necessary switchboard 
connections to get the right message across to me (the 
one I have asked for). Stop! Perhaps this 1S the 
crux of the panic. I haven't asked for the right one, 
I haven't made the right demand of my brain and the 
brain knows it and consequently, because of all 
previous input and store of information, it rebels. 
Is this an INPUT-OUTPUT dilemma? At the time of making 
the demand I could not consciously (or anyway immediately) 
recall all the information stored over the years. I 
might make a demand which is not compatible with the 
information stored. This 1n turn might be caused 
by my misinterpreting the demand made on me which I 
then pass on to my brain in a confused state. It 
may be the phrasing of the demand made on me that throws 
the switchboard in confusion, trying to plug a 
non-existent holel Why am I making this distinction 
between myself and my brain? Am 1 really talking about 
my emotions and my brain? The one paralysing the other?" 
This extended statement has many links with the model 
of panic, with the two deltas unable to function together. 
112.. 
CHAPTER SIX 
PATTERNS OF INHIBITION 
PATTERNS OF INHIBITION 
In this cha~ter begins an analysis of the material 
gathered in the various activities. It does not 
postulate what goes on in the reason-emotion 
complex inside ourselves; that has been discussed 
in chapter three. Instead it separates certain 
types of external conditions that may result . 1n 
emotional responses, generally of a negative sort. 
If we refer back to the comments of Farnham-Diggory 
(chat)ter 2) on the S-R model, we are not yet 
looking at the important issue, the hyphen, but 
at several S's and the accompanying R's. 
As the year proceeded it became clearer when my 
various subjects were advancing in their mathematical 
understanding, and when emotions were induced that 
stopped further progress dead in it~ tracks. My 
~osition was the opposite of most teachers, for it 
was the latter that interested me, and I was happy 
enough when it occurred. A pattern of situations 
began to form, each category backed by remembered 
statements and reactions. While this categorisation 
did not advance my knowledqe of the eventual 
target, the internal mental structuring, it was of 
value in listing situations that the teacher should 
seek to avoid. 
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situation 1 
Diagram 2 
We start with a basic ~icture. 
In the diagram, the reason, Mat~s. 
denoted by a triangl.e which 
we shall call "delta" 1S 
ap~lying itself to a ~lece of 
mathematics, ln an attempt 
either to understand it, or 
lJerhaps to so 1 ve a IJrob lem. 
',ve have seen that the feedback, 
whose mechanism is explained 
in chapter 1, induces emotions. 
This is the point in which Skemp's theory leads into 
the rresent study. In general, a feedback that 
success lS likely is ~leasureable; this increases 
motivation and the thrust of reason 1S enhanced. 
A feedback indicating likely failure yroduces feelings 
of frustration and possibly, anger. Reaction to these 
may be highly individualistic. Motivation may be 
decreased, leading to withdrawal; for some, 
anger may 1ncrease motivation and the chance of 
eventual success. The internal mechanisms that 
determine what exactly happens must be very complex, 
and while we have given a theoretical model of one 
specific negative reaction (panic), most of the 
observations made here are simply that - observations 
that will not be fully explained by our mOdel. It is 
an area in which much remains to be done:. 
~10st classroom mathematics sets tasks with very 
well-defined goals; whether or not they have been 
reached is seldom in doubt. Some more modern 
developments in mathematics teaching present it, 
very properly, as investigatory. In the past, 
the emphasis has been on questions with single 
answers, right or wrong. This clarity tends to 
enhance the shart)ness of emotional response. There 
is a nakedness about the success or failure ln 
reaching a goal that evokes clearly defined emotions 
whose nature one cannot disguise to oneself. There 
may be no immediately obvious reason why pleasure 
from success has been less apparent than frustration 
and disappointment at failure in our classrooms, but 
the evidence is that more people end up anxious about 
mathematics than enthusiastic.. 
This may lead us to the widely accepted Vlew that 
ln teaching we should try to ensure a high success 
rate, and so arrange problems that students seldom 
fail.There are some reservations to be made about 
this approach, although in general it is a sound 
princilJle. ]\1any teachers claim, perfectly correctly, 
that their classes enjoy doing relJetitive work of 
a sort at which they are comlJetent, such as columns 
of addition. The class is, however, engaged ln 
occupational therapy, not learning, which we might 
\,~. 
have supposed to be the ~rlmary task of an educational 
institution. 'fhe circuit in the diagram is being 
pursued painlessly, or even with mild enjoyment at 
continued success, but without any development of 
mathematical knowledge. 
On a number of occasions my subjects denied them-
selves ~leasure on the grounds that a task was too 
simple. Goals must not be too simply achieved. The 
pleasure arising from the process does depend on the 
difficulties overcome. It is even possible to galn 
considerable pleasure from a lengthy attack on a 
problem, with many avenues explored but the goal of 
a solution not achieved. 
"I sat down and spent about twenty minutes on it 
and then I thought quite calmly, with no sense of 
humiliation and certainly!.not sadness or despair 
"I'm blocked. I've gone down so many blind alleys 
and I'm not going to be able to do this. rmust ask 
Laurie what the trick is. Once he tells me the trick 
I'll have got it. Just like 7 x 8. I'll never forget 
it because I've explored so many blind alleys." 
Failure must be handled sensitively, however. The 
early realisation of this is the essence of good 
teaching. The central problem becomes the adjustment 
of the level of difficulty for a particular 
individual at a particular time. 
lib. 
Situation 2 
The first situation assumed we were ap~roaching the 
task for the first time, or at least with limited 
prev10us exper1ence. The emotional reactions are 
then assumed to be largely related to the task in 
hand at the moment. We are, of course, seldom faced 
with work that is unconnected with previous experience, 
though sometimes it is possible to create learning 
environments where a 'fresh start' 1S made. Ideally 
reactions to the task are then simply related to 
the difficulties experienced. 
We may, and many people do, arrive at a state where 
this is not so. If we have had a considerable amount 
of previous experience, strongly charged with emotion, 
then it may become this previous experience, and 
not the present task, that is the main determinant 
of how we feel. It might have been positive enough 
to produce great drive and determination in both 
learning and ~roblem-solving. Unfortunately, the 
more common experience is reiterated failure, and 
people for whom this is true find there is a great 
inertia in even considering a problem. 
It is worth analysing three stages in approaching 
a problem. The first is well described in 
Krutetskii (1976). It is the receiving, sorting 
and imprinting of the information. This 1S 
still occuDation of the mind, which does not , 
have to go anywhere or conduct a search 
The second stagp involves a search in the memory 
for relevant facts and tools for attacking the 
problem. Generally the tools or methods of approach 
are more significant than the facts, though some 
of the latter need to be known. The process requires 
judgment as to what might be relevant or not. It can 
still be seen as preparatorY' and not as the actual 
attack, though both it and the first stage are 
essential. The third stage may go hand in hand with 
the second but appears to be a distinct activity. It 
is what most people refer to as 'thinking', and 
involves the movement from a present state to some 
new goal. This may be reached by careful construction 
of new conclusions from our initial information using 
standard tools and/or by insightful and intuitive 
leaps. It is more active and demanding than the 
first two stages. 
To people who are in the situation I describe, the 
mere suggestion of a maths. problem produces feelings 
of anxiety and an unwillingness even to enter the 
area. This was demonstrated by an inability to 
receive and stabilise information about a problem. 
I had asked Sarah to find any whole numbers that 
went exactly into 12. She started them, cautiously, 
but at a demand from me (introducing other elements 
into the situation), 'the numbers toppled out of 
my mind'. Within the group, too, there were often 
demands made:-
"What was it you said, Laurie? 
problem." 
I've forgotten the 
IIQ" 
This is apparent with people who are trying to be 
cooperative. \vi th those who are not even wi lling, 
the reaction is to claim that the facts, however few, 
cannot be remembered, or even that the question 
has been badly explained. If in a pos±ion to do so, 
the person may say that the whole thing is too 
boring, and that they have something better to do. 
Some children nowadays may say this - many more 
may think it. 
It seems that a violent 
reaction from the emotions 
com~letely ruins the 
reason1.ng process. '.,vha t 
exactly the internal 
mechanism is, we cannot 
say, yet we certainly 
observe the effect. The 
Diagram 3 
feedback is not connected with possible difficulties 
in reaching goals. The reason simply does not get to 
work at all. Once the message is received that it 
is maths. that confronts us, no start is made. 
Taking terminology from the medical field, situation 1 
is 'normal' in that everyone should experience emotion 
when tackling a problem. Situation 2 1.S completely 
dysfunctional, and we may think of it as genuinely 
'pathelogical'. Repeated attempts to encourage 
further efforts may well result in further failure 
and rt reinforcement of the emotional inability to 
tackle mathematics. The process simply becomes 
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counter-productive. Teachers will evidence pupils 
whose ability at maths. seems less when they leave 
secondary school than when they entered it. 
raises serious questions. 
This 
An adult who has developed this distaste for 
mathematics and who feels that knowledge of it 1S 
not relevant to the conduct of his or her life has a 
perfect right to refuse to think about it. It may 
be a wrong view in the event, and it may shut off 
areas that could be enlightening, but it 1S a 
decision a responsible adult can ~roperly make. 
Some would extend this to children of school age. 
Here J sharply disagree with V1ews expressed by 
Skemp. I fully accept that the best learning 
situation is one ~here the learner freely enters 
into it and engages in genuinely cooperative 
activity with the teacher, and I have been fortunate 
in experiencing it with many individuals. I regard 
it as naive and idealistic, however, to believe it 
can be in any way the basis for the mass education 
of the whole populAtion. That 1S not to say that 
every child must pursue compulsory mathematics 
until the age of sixteen - but total freedom of 
choice cannot be theirs, and we should continue 
to expect the vast majority to be taught mathematics 
to the age of sixteen. 
11.0 . 
The evidence from my subjects 1S that they spent 
much of their secondary school lives learning no 
mathematics and becoming increasingly more 
bewildered, frustrated and anxious about it. The 
answer 1S not to opt out, but to seek remedies, 
conSC10US that they will not be universally 
successfu 1. Some of these ideas will be expanded 
later, but we can indicate some guidelines. 
The first and most obvious suggestion is not to 
allow peo~le to reach situation 2, and this 1S 
explained in situation 1. We must ~rovide people 
with a high level of success and a level of 
failure which they can tolerate. On the whole, 
our primary schools are very effective 1n this, 
and the most likely stage of breakdown 1S at the 
beginning of secondary school. In f)art this derives 
from an attitude ~ometimes found 1n secondarYi 
that the pupils' prev10us exper1ence is of 
little consequence, and only now are they 
getting down to 'real' work. Once this real work 
has afforded a certain amount of failure and the 
previous success is ignored, we are well on the 
downward path. Clearly past success should be 
treasured and past failure regarded as of little 
importance. This is a sensible maxim for all 
stages where a fresh start 1S being made - be it 
a new school, a new teacher or the beginning 
of a new session, 
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How then to escalJe from the situation, once in 
it? One of the most useful starts came from the idea 
of stages in solving as problem, and was found very 
useful in the group sessions. It was suggested that 
everyone simply tackle the first stage - no more. 
The information should be received and stabilised. 
When this is seen as the goal, emotional disturbance 
is minimised and the task does not appear as 
demanding. There is a certain sleight-of-hand 
involved in that the students believe that they 
are not being asked to do the problem (they are 
not being asked to complete it) while the teacher 
h~9 overcome the objection to even getting involved, 
while recognising that the stage is ~art of problem-
solving. Once the students know what the problem 
is they are allowed to rest. with certain well-
chosen problems the statement together with the 
secoOld stage. "\,vhat might be useful here?", may 
suddenly produce a position where the answer is 
obvious. The feeling of success must then be 
relished, to remove the taste of unrelieved failure. 
There was a very favourable response from most of 
my subjects to the 'staging' aPl)roach. One group member 
commented that when she was attempting SOmE homework 
she would feel the onset of the paralysis to which 
she was accustomed, and would way to herself:-
"Now just receive the information and stabilise it." 
We shall shortly see panic as an essentially destabilised 
state of mind, and in our eventual testing again use the 
word stabilise in offering positive experiences. 
Il. '1. . 
There is, I believe, something in the very use of the 
word stabilise, for in stabilising the information, 
one seems to stabilise the mind. 
Two other guidelines, more relevant in later situations, 
should be mentioned. One is the request that the process 
be started with full attention but slowly. The other 
1S to provide material where the answer can be checked 
by internal means or by an external method not involving 
the teacher. The rationale of this 1S that it is not 
failure, but its ex~osure to judgement that matters. 
Another route that may help peol)le to return to 
mathematical activity is a little devious. Some 
activities that mathematicians might consider to have 
a mathematical element are not so labelled. Elaine 
ha~pened to get intense pleasure from timetabling 
for a large school, and was most surprised to find that 
I felt it had a large mathematical element - not in any 
calculations involved, but in the ordering, arrang1ng 
and assertions of priority. She was fairly resistant 
to any classification that put timetabling (which 
she could do).with mathematics (which she could not 
do) . If, however, it Could be established and believed 
by her that she had had success in a mathematical-type 
operation, her certainty of failure in such things 
might have been dented a little. enjoyed fitting 
together wood-block ~uzzles, and because she enjoyed 
them and was successful with them, refused to acknowledge 
that this perception and matbhing of shape had any 
mathematical connection. 
1~3 . 
She did not acce~t that that was one of the things 
geometry was about. If she had done, it might have I 
been the beginning of a way through. 
In some senses the recognition by the teacher of 
the real nature of the difficulty is the most 
important step. It is all too easy to believe 
that if one explains once more, and gets the pupil 
to make yet another assault on the problem, the 
breakthrough will be achieved. The pressure to 
achieve this, and the anxiety of the teacher, 
convey themselves all too readily, and frustrate 
the desired end. ~top, recognlse what is happening, 
and res~ond through one of the suggested modes, and 
attitudes may change. 
Is there a chance that one can shift one's own 
attitude without the hel~ of a sensitive teacher? 
Certainly there is. We all have the capacity to 
reflect ul)on our past eXjJeriences and actions. 
This reflective intelligence is one of the most 
powerful weapons we have. It is the teacher in 
the mind. Reading, understanding and" recognising 
emotional blockages in ourselves can lead us far on 
the way to their removal. 
To recapitulate the first two situations. Success 
or failure in cognitive tasks brings about emotional 
response which then affects the performance 
of the reason. Success that comes too easily 
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does not have long-term payoff, but the level of 
failure must be carefully monitored so that it can 
be tolerated. Repeated failure can lead from the 
normal situation described into a pathological 
one where problems cannot be tackled, irrespective 
of their difficulty. Remediation is then more 
difficult, but shou~ be attempted, certainly while 
the student is in full-time eductaion. The attempted 
remedy may come from the teacher or from the 
student's own reflective intelligence. 
The assumption of the analysis so far is that it 1S 
the cognitive difficulty of the mathematics that 
starts the process and that we are throughout 
concerned purely with mathematics and with success 
or failure in it. Our further situations will 
indicate that other matters may intrude themselves. 
Situation 3 
The emotions may directly help or hinder our 
attack on a problem through their role in altering 
motivation. They may even deflect us from a 
particular task. They have an extremely important 
role in ensuring survival, and the alarm bells sounded 
at the approach of danger allow our reason to plan 
for its avoidance. Skemp sees goals in different 
universes of discourse, with some being of more 
importance for survival than others. He sees emotions 
,~~- . 
as calling attention to those of greater priority. 
There is evidence, however, from various of my subjects, 
that the priorities they assert shou~not always 
be regarded. 
~ , One evenlng S arrived for her weekly interview 
obviously disturbed about an incident at school. 
One of her class had got into trouble of some sort 
at school and had lied to his mother about it. S 
had been invoived-and had told the child to tell his 
mother. The child had done so at the end of school, 
but 5 was not sure what the mother's reaction 
had been. She felt a sense of responsibility, even 
guilt, am could not settle to the work I had intended 
that we rio. The was nothing S coold do about 
the matter; there was no preparation or action that 
would affect the situation the next morning, when she 
would learn how things had worked out. She understood 
this rationally, was concerned to be helpful and not 
to waste my time, but could not settle to doing any 
mathematics. We talked about her problem. 
One evenlng at the group H arrived late, having 
been buying a house. She was clearly unable to think 
or talk of anything else. Here the emotions were 
entirely pleasurable but equally demanding. In fact, 
starting from her house, and considering appreciation 
and de~reciation, forwards and backwards in time, 
we reached a good model for directed numbers. 
I~. 
There 1S no need to labour the ~oint. It is common-
rlace that other concerns may deflect us from what we 
should be doing. 
thus:-
Are.Q o~ 
Coqcef'r) 
Diagram 4 
Diagrammatically we may show it 
Mathsl 
Emotions direct attention, and here we see them 
directing delta away from the mathematics to another 
area of concern. Naturally this deflection does not 
only occur in mathematics lessons, but shortly we 
shall claim that certain attitudes are specially 
important in mathematics. 
As we have said, despite the survival quality of 
emotions asserting priorities in what we attend to, 
the importance of this other area of concern does 
not always indicate the degree of distraction it 
may cause. A very weighty concern, such as the loss 
of someone close, a deep emotional involvement, or 
major issues in one's career, may demand to be thought 
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about to the exclusion of routine cognitive 
tasks. This may be entirely sensible. However, 
if the thinking and plan-making we feel obliged 
to do become evidently fruitless, a switch to 
unrelated tasks, such as mathematics, may prove 
a therapeutic diversion. 
These major concerns cannot be taken account of in 
our brief. We now need to say something of how 
mathematics is best learnt, and how we may cope 
with lower level distractors. 
Mathematics is a deeply contemplative activity, and 
is best tackled with deep and undivided attention, 
even if that can be given for only relatively 
short periods. The benefit of this in comparison 
with more half-hearted attemp~s over a much longer 
time is considerable. That does not deny the 
importance of the periods of gestation in between 
bouts of thought, when the subconscious seems 
to work on the material. 
Most of us face a number of what we might call 
J 
middle-range concerns, such as S$ These 
can prove very difficult. Either the teacher or 
the student's own reflective intelligence must 
allow the problem to be worked through to a stage 
where it can be left for the time, and then attention 
can be re-directed to the learning task. The 
ability to com~artmentalise and thrust aside the 
distraction once it has been thought through to a 
certain stage, is one that needs consciously to be 
develo~ed. That does not imply that the moment a 
new task presents itself we can put aside other 
matters, but we do need to recognise when something 
is tidied to an extent where we can leave it and 
engage fully on the new task. 
People whose life style or job yields a variety of 
these middle-range concerns become accustomed to 
them overlap~ing and rarely give attention to one 
for long. It may ~e a perfectly satisfactory way 
of operating in many areas, but is inappropriate 
for mathematics, or, indeed other matters which 
need a high level of concentration. Most of my 
subjects were very busy people, yet it is significant 
that some claim to be and others do not. The most 
effective workers are able to compartmentalise, and 
think hard about one thing at a time. They seem 
to monitor their own performance all the while. 
In our later chapter we see this as a delta-three 
function. 
There is even a danger, with many things to consider, 
that we spend our time keeping track of what has to 
be done, and not doing itl A useful technigue is to 
write or record lists of things to be done. This 
at least moves them from W2 to W3, leaving space 
in W2. It also tempts one to think them already done! 
Even essentially trivial matters may produce 
emotional interference with our reasoning processes. 
During any day such issues regularly assail us. We 
leave our cheque-book at home, wonder if we left a window 
open, fuss about whether we shall be able to park 
when we reach our destination. Some of these we submerge 
but they still irritate at a subliminal level. Again 
it can be worth clearing the mind by spending a 
minute or two determining and then externalising them. 
A last brief example of deflection. The expectation 
of some event~ pleasurable or otherwise, will readily 
interfere with our concentration on the matter in hand. 
Sitting in one's office, happily working, but with 
the expectation of someone arriving at eleven o'clock, 
there are minor impediments in the smooth flow of 
thought as the hour approaches, and more serious 
ones if the caller is decidedly late. Perhaps it 1S 
the obsession with time our civilisation has. 
Situation 4 
The first two situations concentrated on reactions 
to mathematiEs. The next looked at external and 
unrelated matters, and their influence. We now look 
at the interpersonal issues between teacher and 
taught. That is not to say they were not at the root 
of,say~ situation 2, but the separate statement 
1S needed, and is the central one. 
It 1S well-known that when pupils have a choice 
of SUbjects, it is as much dictated by who 
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is teaching what as by any genuinely curriculum 
issue. While many teachers would agree that this . 1.S 
wrong, they still assert the primacy of the relation 
of the teacher to the taught in the classroom. Accepting 
that there is truth in this, there are some dangers 
to be avoided. The central one is that teacher-approval 
rather than learning satisfaction is sought, and this 
is a serious deviation from what education should be 
about. It may result in the subject (mathematics) 
becoming almost an irrelevance. 
M' refiliected on her state of mind when posed a 
m~hematical problem by me:-
"You see, I've still got this, if I use the word 
'eagerness' again, still tryirt~ to show that I can 
do it. It's partly wanting to be right, it's partly 
wanting to be the bright girl, it's partly wanting to 
show off, it's •••• and I think at the same time as the 
show-off part, there is also the fear part, that if you 
do it, and do it in a hurry it will be over and done 
with." 
Many of the problems of satisfaction and dissatisfaction 
are expressed in this statement: the teacher and 
the other pupils are relevant but not what 1.S 
sup~osed to be studied. Both L and S in early 
sess1.ons with me exhibited the anxious side of this 
polarisation of feeling, and often offered answers 
at random in the hope that the question (and questionner) 
could be dis~osed of. 
The balance between eagerness to respond, usually 
seen by teachers as a positive feature, and the 
fearful anxiety that can be produced by an expectation 
of quick response, 1S an important issue. Evidence 
from the subjects of this present study suggests 
that there is a much higher level of anxiety among 
students than most teachers would credit, and that 
is true even when the relationshi~s are notably 
good. 
Time pressure and constant question- .ing will be 
examined at length later, but let us look at the 
role played by questioning in the emotional lixe 
of the classroom: The sight of another human being 
trying to attract your attention has obvious 
satisfaction, and we need not be surprised that it 
is sought and the structure of the lesson designed 
to give it. _ Though it is not necessarily bad, there 
are obvious reservations when the teacher appears 
to be satisfYQog strong emotional needs in this 
way. We are getting pupil-response giving teacher-
satisfaction and teacher-approval giving pupil-
satisfaction. Where is the satisfaction inherent 
in learning mathematics? It may in fact be that 
a powerfully affection-seeking personality achieves 
good results in mathematics with a class; these 
may often not be sustained by a teacher of different 
style. 
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Mathematics 18 a largely contemplative and 
exploratory study, and the extent to which it can 
be an inner pursuit is not always understood. It 
cannot be pursued without considerable input, but 
the satisfactions can lie in success in pursuing it, 
not in the teacher telling you you are right. The 
"authority" lies within the mathematics, and the 
aim of the operation is that the student should 
learn, understand and actually do mathematics. 
Satisfaction should be strongly related to the 
primary task, and not hinge on personal factors 
largely independent of the material. Diagrammatically 
the danger is that we pursue the right-hand arrowed 
circuit rather than the left. 
Diagram 5 
A number of my subjects so lacked confidence that 
they remained dependent on my agreement of their 
correctness. It seemed (my subjective view) that 
they became less dependent on my approval as we 
progressed, but the need for agreement remained. 
My insistence that a problem could not only ~ve 
satisfaction within it, but also the certainty 
of correctness, was simply not accepted. L 
was given a series of problems on a cube. They 
involved visualising a 3 x 3 x 3 cube, like this:-
Diagram 6 
The outside is painted black, and the question 
is "How many small cubes have no paint on them?" 
Once the answer is seen, it should be evident 
that it is correct. L did reach it: she found 
it interesting and discussed it with a friend 
who is a mathematician. She claimed to be confident 
of the answer. The critical test for this confidence 
seems to be the willingness to defend it against 
attack. I asked how she would res~ond to someone 
knowledgeable who said she was wrong. Her reply, 
she said, would be:-
"Two people I know, who are better at maths. 
than you, agree that I am right." 
A more successful attempt, with S involved 
a wood-block puzzle. A cuboid of wood is cut 
two ways with a band-saw, using wavy lines. 
It is like a three-dimensional jigsaw. 
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Diagram 7 
(An easier version was 
used in the testing later) 
The block is dismantleH and the problem is to 
reassemble it. The matching of shapes that is involved 
is a worth-while geometrical exercise, and simple 
curves need to be appreciated. An important feature 
of such a puzzle (indeed of many puzzles) is that 
when they are done, there 1S certainty that the 
solutions are right. s- gained satisfaction from 
doing it, and had no need to refer to me to confirm 
that her solution was correct (though she w~s pleased 
to tell me she had done it), but decided that as she 
could do it, it must be (a) very easy, and (b) not 
connected with maths. 
If you are sure you cannot do mathematics, there 
are many ways of refusing to admit that you might. 
Difficult though it may be to achieve, it is necessary 
that people are given the opportunity of experiencing 
pleasure in doing, maths. for itself, and to get the 
satisfaction of knowing they are right, without 
referring to anyone. Only with that can we carry 
through the periods of bad teaching we are almost 
certain to get. 
Situation 5 
In some senses the situation we now describe could 
be subsumed under the last heading. Again we have 
emotional responses inhibiting the reason, where 
these res~onses relate not to the task of doing 
mathematics, but to a person engaged in the 
teaching process. The distinction is that the 
student does not see the relationship simply as 
a teacher-pupil one, but is reminded of other 
encounters of an unhappy kind" .• One person I 
interviewed is the head of a large comprehensive 
school. He is a man of powerful intel\£t, sensitive 
and highly perceptive. I arranged an interview at 
his school'and expected to learn much from him; and 
so it proved. An interesting idea, described in 
the next section, started with him, but so also 
did an understanding of how a discussion 'about 
mathematics, one-to-one, might be perceived by 
people with unfortunate early experiences. His 
own early schooldays were dominated by the arbitrary 
distribution of punishment. Though he was very 
able at English, and by diligence and punctuality 
managed to avoid many pitfalls, his weakness at 
mathematics regularly put him in danger of a 
beating. Thus our meeting brought back to him the 
deep-seated fears of childhood, and he acknowledged 
to me afterwards that he had felt most anx ious at 
the prospect of our talk, though he knew me quite 
well, felt friendly, and in no rational sense 
should have found it difficult. 
Talking about mathematics seems to be found 
demanding, a term often used by my subjects. 
Perhaps more questions and challenges are put 
in mathematics, but it was surprising how often 
other matters surfaced. In several cases the 
interviews clearly brought back memor1es of 
early parental relationships. At times the 
parents had been insistent about mathematics, 
but the interviews triggered off more general 
concerns in this area, with the result that they 
could not tackle any mathematics till some of 
these problems were shifted a little. One 
particular interview led to a subject experiencing 
several days' disturbance which she was in fact 
well able to handle, and which it was appropriate 
to handle at that stage. With someone else we 
uncovered a serious and lengthy struggle with 
her mother, reinforced by experience with a teacher 
at the top junior stage. Working through these 
led to marked improvement in her attitude. 
Generally, I felt that interviews in a one-to-one 
context about mathematics, were often coloured 
by memories of other encounters, not necessarily 
about mathematicse, Skemp uses the term "resonance" 
to describe this type of displacement. The,:term is 
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that used in the physical sciences, where a 
particular note can set a piano string vibrating, 
though at some distance away. Here too, touching 
some part of our inner world evokes resonances 
elsewhere. 
We shall later see the importance'. of these 
relationships) being of an authority type. Certainly 
in the cases just quoted there were clear authority 
problems_ With one other subject, the mere 
assumption of a teaching role on my part would 
sometimes make her bristle. 
The interperson.tU si tuation here, then, unlike 
that in situation 4, is seen as resembling some 
other interpersonal relationship of an unsatisfacto~y 
kind - and again the mathematics does not get done. 
Situation 6 
In this situation anxiety, in fact unrelated to 
mathematics, has become arbitrarily associated 
with that area. It is now not the immediate 
interpersonal relationship which is wrongly seen, 
but the whole of mathematics. 
M,,"t-ks. 
Diagram R 
Our diagram shows a concern well away from mathematics, 
which has been wrongly stored in that boundary. Now 
when mathematics is approached, the ~egative emotional 
response is due to this concern, 1n the mathematics 
box, where it should not be. 
We have already seen the effect of some deep-seated 
early relationships becoming attached to mathematis£. 
Once that has been done, the section labelled 'maths.' 
in one's mind may become a dumping ground for difficult 
and unresolved problems of all sorts. It may simply 
be the way the mind chooses to pigeon-hole items. 
A number of people have, curiously ?nough, expressed 
the view that mathematics was all ,right unti I they 
had to do 'problems'. These loomed large in the 11+ 
examination, and it may well be that mathematics then 
became identified with problems in general. 
put it very succinctly:-
"Category - problems". 
As Sybil 
A particular stumbling block for many of my subjects 
was their first encounter with x, the unknown. It 1S 
unfortunate that a word like 'unknown' , with its 
built-in anxiety, should be so firmly attached to x. 
It may also open the door to feelings about sex -
regarded at that stage as mysterious - also being 
classified in that area. 
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This may seem a little far-fetched, but some signposts 
are there, and for those whose reactions to mathematics 
are extreme, it might signify that a more sensitive 
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area was somehow involved. For some people, any approach 
to this 'no go' area is strongly .negated by tge emotions, 
and their mathematical 'understanding cannot grow. Such 
a situation may lie behind the many statements that 
'I can't do maths.' or that it is 'boring'. ThQS 
latter statement may be all too true of some people's 
experience, but it is also used as a defence mechanism. 
There is an interesting feature about mathematics and 
our early experience. It is the main substantial piece 
of explicit learni~g that stretches back into early 
childhood. It is true that language also does, but it 
1S doubtful if it is seen by the individual as either 
so contained or so obviously developmEntal as is 
mathematics. In mathematics we have a structured subject, 
seen as having considerable importance, stretching 
back as a ladder to the past within eachlhuman personality. 
If I speak to someone about learning to count, I expect 
this to have happened at say four or five years old; if 
I ask about quadratic equations, at about fourteen. 
Experiences contemporaneous with this, and particularly 
those with heavy emotional charge, may then surface 
into the consciousness. Touching on mathematical 
experience does therefore release other memories, as 
I have found with a number of people. Memories which 
people may wish to suppress because of the unpleasant 
· ~..' 
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emotions associated with them may be associated also, 
purely in time and 1n no other way, with a piece of mathe-
matics. If that, too, gets blanked out, it may affect 
the development of mathematical understanding, because 
of the structured nature of mathematics, but we may also 
find that later attempts to reme this are seen 
as threatening to the matter which 1S not to be thought 
about. 
So there are some special reasons why unrelated anxieties 
become attached to mathematics. It is not easy to 
suggest a cure, which seems to lie within psycho-
therapy rather than the teacher's normal skills. 
Finally for this chapter, let us review the situations:-
1). The standard situation arising from the Skemp 
model, with emotional response to success or 
failure in the task at the time •. 
2). A pathological reaction to prev10us repeated 
failures that stops the student before he or she starts. 
3). Emotional distractions of various levels which prevent 
the reason from applying itslef to the problem 1n hand. 
4). An over-emphasis on teacher approval rather than 
intrinsic interest. 
S). False interpretations of the interpersonal 
relationship in a teacher-pupil contact. 
6). Transferred anxieties from areas unrelated to 
mathematics. 
,~ . 
CHAPTER SEVEN 
THE SPECIFIC ISSUE OF PANIC 
THE SPECIFIC ISSUE OF PANIC 
.. 
The var10US distractors which inhibit learning, listed 
in the last chapter, involve unpleasurable feelings 
of difterent degrees. Our intention now is to narrow 
the field of discussion to a particular reaction, that 
of panic.In everyday terms this may manifest itself 
either in flurried and inappropriate action or in a 
form of paralysis that prevents all action. It is 
I~he latter we shall observe upon. An interpretation 
of the mechanism of panic, provided by Skemp's theory, 
1S discussed in chapter 3. 
THe study of mathematics, seen simply as a relationship 
between the subject matter and the student (situation 1 
of the last chapter) certainly generates feelings 
according as goals are reached or not. At the positive 
end there may be great elation at the successful solution 
of a problem, and at the other end of the scale feelings 
of frustration and annoyance at continued failure. 
Disappointment may be strongly felt if an apparent 
solution is reached, and then found to be false. But 
in normal emotional responses of this sort we shall 
not meet panic. 
It is in situation 2 that we meet what we describe as 
a pathological reaction to mathematics. Here certainly 
we may meet panic reactions, not just when engaged 
in mathematics but sometimes at the mere threat of 
having to do some. From the people who do behave so 
we must find the pressures which trigger in them the 
'flicker of consciousness' that the Skemp model offers. 
I~. 
We shall shortly suggest what these pressures a+e, 
and then, in the next chapter, demonstrate that, by 
applying them even in an artificial situation, we can 
induce panic in some people. 
In the third situation of our last chapter, the 
distractions were outside the study area and were 
known to be so by the subject. Certainly the study 
.was impeded, and the emotions could well be strong, 
but the issues are not relevant to our present concern. 
Situation 4 is very relevant. Here the student sees 
the relationship with the teacher as more important 
than that with mathematics, and there is much evidence 
• 
from my subjects of the strength of the emotions that 
can be generated. It is only to be expected that 
interpersonal relationships, rather than interactions 
between a student and what he studies, should evoke 
the strongest emotions. 
Many observations by my subjects speak of the relations 
with teachers (and sometimes parents), and the fear 
of 'authority is manifest in these statements. Authority 
1S seen as 'cross', 'demanding', and has in their 
experience often been used to ridicule them. Even 
when they can recall good experiences with authority 
figures, it is the unpleasant episodes that appear 
to be most deeply etched. Layers of such experiences 
\ 
lead to the condition of situation 2. 
This fear of authority was enhanced greatly by time 
pressures. We indicate in chapter 3 how it is not 
merely the threat posed by an outside agency, but the 
urgency of the threat that can lead to the dysfunction 
between AI and A'L that we call panic. It is not only 
if b"\' cannot provide a plan that anxiety grows, but if 
it cannot provide a pln in time. 
It is therefore elements present in situation 4 that 
~re most relevant to our final testing, where we shall 
show that the imposition of authority and time pressures 
do create panic. We shall also show that their explicit 
removal can lead to rewarding mathematical experiences • 
. 
Situation 5 can lead to very strong reactions and to 
hasty attempts at withdrawal by the subject. It can 
also lead to panic, again related to the interpersonall 
relationship. Here, ho~ever, it was general unpleasant 
experiences in relationships that were involved, not 
specific either to learning or to mathematics. It is 
clear that in the past some of my subjects had felt 
their territory invaded and unwanted demands made upon 
them; the teaching situation they were in with me 
somehow mirrored this. The demands seemed to be of 
submission to authority, of giving up something of 
themselves, of being exposed to ridicule, or even of 
demands of a sexual nature. The one-to-one encounter 
had evoked memories of such earlier encounters. This 
situation, then, might be panic-inducing, but is not 
relevant to the learning of mathematics. 
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In situation 6 it seems that mathematics has become 
arbitrarily associated with some other very sensitive 
area, perhaps owing to some broad classification in 
the subject's mind such as 'problems'. Reactions here 
may be strong, but again are not the substance of our 
study. 
It is of course important to recognise tht people 
'may panic for reasons other than those pressures of 
authority and time that we posit. In the testing that 
follows we use those pres~Ures. In showing that panic 
results we do not establish that in all cases it is 
those threats that are responsible. It may well be 
that some whose sensitivities are in the categories 
just lasted will react in this way in any case. 
However, the claim is only that some respond to these 
threats. In fact, the good experiences that the 
same people have when these pressures are removed 
might be better evidence of the claim. 
We have therefore narrowed down the investigation to 
one aspect of situation 4, which we say leads to the 
state characterised in situation 2. We postulate that 
the specific response of panic is often caused by the 
fear of authority coupled with the pressure of time. 
It is important to observe that it is not only in the 
teaching of mathematics that we shall see this phenomenon. 
Certainly there is evidence from music and particularly 
from physical education. If conclusions about authority 
are relevant in other areas, that is to be welcomed, yet 
there are issues peculiar to mathematics that suggest 
it more often creates this extreme sensitivity. To 
enumerate somel-
1) Mathematics is seen as 'important' and bestowing 
more authority on those teaching it. 
2) Mathematics is seen as the maim measure of cognitive 
power, and that power is seen as the quality most 
valued by the system. 
3) Answers in mathematics are seen as being firmly 
right or wrong. As a result clearer and often 
harsher judgements are made upon one. 
4) The lack of discussion of emotional elements in the 
the teaching of mathematics leads to feelings 
being repressed and becoming eventually more intense. 
So in asserting as we shall that particular threats, 
often present in mathematics lessons, create panic, 
and inducing this in a slightly artificial way in our 
testing, we are not limiting this to the study of 
mathematics, but saying that most of our evidence 
comes from there and that there are good reasons why 
such tensions are more prevalent there. 
\ 
CHAPTER EIGHT 
TESTING 
TESTING 
Our theory is that many of the most negative reactions 
to mathematics teaching arise from feelings about 
author,i ty and the fear of being judged. ~Vhen the 
authority figure also imposes time pressure~ then a 
state of panic may result. The theoretical model of 
panic was offered in chapter 3: we now propose to show 
that it can be rapidly induced by the stated pressures. 
In the first series of experiments, audiences of up 
to forty ~eople were offered two experiences. The 
first involved a threat that they were to do some 
mathematics under time pressure. The prediction 
was that even under a threat, a proportion of 
people would report emotional responses in the area 
of panic, with some using that actual word. 
It was further predicted that these same people could 
be given an enjoyable and rewarding mathematical 
experience, in part by the explicit removal of those 
particular pressures. 
In the second series, I worked with individuals, 
where I sought to move them to and from a state of 
panic over a continuoHs period of time. This 
was achieved, as before, by the application or removal 
of the stated pressures'-
I !_ , " 
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Group Testing 
These tests were conducted on public occasions when 
I had been invited to address a gathering of people. 
The title of the talk would indicate that some 
psychological aspects of the teaching of mathematics 
would be discussed, but nothing beyond that. The 
settings were mostly those of a formal lecture, with 
the speaker at the front. The audiences were all 
adult, most often teachers, though on occasion the 
parents of the children at a particular school. They 
were sitting in rows, facing the front. 
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I now describe the general way in which these experiments 
proceeded, and report on the broad reactions. This 
is followed by a detailed account of one such seSS10n. 
Further support is then to be found in Appendix D, 
giving the reactions on other occasions, though by no 
means all the work is recorded. 
I opened the proceedings with a statement of this sort:-
f'I am Staff Inspector for Mathematics and I am going to 
give you a test. I shall want to see your answers 
so that I can judge them. There is a strict time limit." 
(Takes off watcb and holds it.) 
After a slight pause, I would then say:-
"Now I want you to close your eyes, find the single 
emotional word that best describes your feelings and 
write it down. Do not put your name on the paper." 
The release of tension was usually very marked, and 
accompanied by gusts of nervous laughter. When the results 
had been collected, I read them back to the audience. 
There were nearly always a ~roportion in the panic 
reg10n. One such list of res~onses is given after 
the account of a single occasion later in this chapter, 
others ap~ear in Appendix o. 
The prepared statement is designed to point the pressures 
we have indicated. My structural authority 1S 
emphasised by giving my position. Judgement is 
explicitly pr'O.mised, and the time restriction stated 
and reinforced by an action. 
The induction of panic is therefore a very short process. 
That to engage those same adults who reported panic, 
or something allied to it, in an enjoyable mathematical 
experience is much longer. We now state some principles 
in doing so. 
The first stance is towards authority. In the second 
part of the experiment, I state that I shall not want 
to see their answers: this removes the fear of judgement 
by a structural authority. The reason I give is that 
the answer lies within the material - "The authority 
lies within the subject (maths.)" - and when they have 
found it there will be no need to check with my 
(sapiential) authority. 
A relaxed atmosphere must be achieved, and the fact 
that there is no time limit must be stated, often 
several times. 
This is helped by avoiding them knowing that others 
had finished. This was achieved by getting them to 
close their eyes while working. (A few people do not 
like shutting their eyes) 
The material 1S important, but the criterion not 
particularly restrictive. It is that the answer should 
be one that can be 'seen' and that one can be sure of. 
In the experiment we shall now describe, I used a series 
of exercises on the cube. 
The audience here were twenty primary teachers on a 
SlX week mathematics course at a teachers' centre. 
They were all supplied with a sheet of paper, and after 
the first part of the experiment handed in a torn off 
part with their single word emotional response on it. 
The second part is now described almost verbatim. 
Though at times it seems rather discursive, most 
of the statements were calculated, and notes are 
supplied at the ene as to the use of certain words. 
I said that I wished them to take a cube in their minds:-
"I don't mind what sort of cube it is. It can be 
a small one you can pick up and handle and turn over 
in your mind. Or it can be a big one if you like (1) 
made of constructa-straws, that you can walk through(2) 
I just want you to· .•••.•• I think the word I use (and the 
word I want to talk about later), the word I want to 
use, I want you to stabilise (3) it in your mind. I 
want you to sort of walk round it and touch it and feel 
its corners and I want you to ~ it there, so that 
whatever size it is you've got it firmly in your mind 
and you're just settled (4) with it." 
"Now we can do some work on it, but at no stage, at 
no stage does anyone give me an answer (5). The answers 
are for you to find out and when you have an answer 
it is for you and you alone (6). And take as long as 
you like((7). 
Now I want you first of all to put a hand on a face . 
. The face is one of the flat bits. (Laughter). Well, 
I don't mind - you don't have to know about a cub~, 
do you? I want you to count how many there are. You 
may already know, I don't mind. But I don't want you 
just to know. I want you to go round and actually 
count them. Even though you know. Have it in your 
mind. It will help stabilise it, go round and count 
them and see them all. (9) 
Now you've got your eyes shut. I want you to flap your 
hand at me if you haven't done it, because this means 
that no-one else will know you haven't done~it (10). 
and you can quite easily flap at me and respond - there 
may be several of you (11). 
Nobody's flapped on that one. We'll move on. Run your 
I~~-· 
finger along an edge (12) until you come to a point 
at the corners. Feel that point. It's sharp - press 
your palm on it. About those points at the corners _ 
again I know you may know, but I want you to go round 
and count them. I want you to establish (13) to yourself 
how many there are there. I want you to be totally 
certain of it ••• and if you are tonally certain of it, 
what would be the point of giving anyone an answer? (14) 
Now, take your time, go round and count them. Count 
them again. If you are finished and getting a bit im 
impatient (15) about waiting for it, just browse round 
it, the cube, because lots more is going to be asked 
about it soon, so just walk in and out of it. (16) 
It's a relaxing occupation. (17) 
Anyone not seen how many vertices there are? Flap 
your hand if you haven't. Now I can move on. Run 
your hand dowm the edges. Slightly more complicated, 
the edges. And count them, taking each end as you go, 
running your hand along it, or a finger along it. 
Make absolutely sure you've got it, and that usually 
takes a bit longer. 
Right. Flap your hand if you haven't done that. Must 
be totally honest about it (18) - it's only me that 
knows, and so it doesn't matter if you flap your hand 
-noone else will know - no peer group pressure. (19) 
Now we're taking that cube. And that cube (you've 
got it firmly established in your mind) is three units 
each way, em., m., whatever you like. I don't mind if 
it's a small one or a big one, but it's three units each 
way. I want you to do one of two things. I either 
want you, if its solid, to cut it up ••• or if you want 
to you can take those little cubes you get in the classroom 
and build it up. It's three units each way and I want 
to build it up with little cubes, or if you like chop 
it down into little cubes. 
Now some of you may know how many there are in the cube; 
probably quite a lot of you' know. I want you to ~ 
how many there are. 
want you to see it. 
Although you may have known it, I 
It's quite common for people to 
get stuck at this stage because visualisation is not 
something everyone finds easy. 
The cube is three inches each way. We want it made up 
of small cubes which are only one inch each way. Three 
inches each way built up of smaller cubes which are in 
fact only one inch each way (20) 
If you are still a bit stuck on it (and I think one or 
two of you are) take trebottom layer and see how many 
there are there, and then add in the other layers •. 
Or alternatively, chop it into walls. How many 1n a 
wall? Chopping it down vertically. All right. 
Who has not got the number yet? Don't tell me 
because I know it already. 
Now hold that cube in your minds, made up of all the 
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little cubes~ Paint the outside black (21). 
Pick it up carefully or it will all fall apart (22), 
and paint the underneath bit as well. Get your fingers 
dirty, but there, that's life! Paint all the outside 
black. Now, of those little cubes, can you find how 
many of those little cubes have got no black paint 
on them at all? 
Gradually increasing difficulty, but you've got endless 
time. Take just as long as you like about it. (Long 
pause). This time, would you flap your hand if you've 
got the answer ••••• few of you have, number more to go. 
If you've got it and want to do something while the 
others are sorting it out, you can wander off and do 
something I'm not doing with the others, and see how 
many have one face, two faces etc., painted black. 
Those who are still_on it concentrate on how many are 
unpainted." 
In fact, we continued on to problems about cutting up 
the cube. It was necessary that it was a fairly long 
piece of work, that in itself emphasising that there 
was no hurry. We now indicate the intentions of 
the phrasing at the marked places. 
1) Phrases such as 'if you like' are reiterated 
to diminish the sense of compulsion. 
" 
2) Throughout there is an emphasis on the concreteness 
of the cube, although it is all done in the head. 
3) "Stabilise" is an important word - almost an 
antidote to "panic". It is also a rest before 
5) Explicitly remov1ng the e~ement of judgement. 
6) Returning to the theme of 'the authority of the 
subject' • 
7) Explicitly denying time pressure. 
I -.;" , 
8) The appeals to sensory experience seem to be effective 
in aiding visualisation. 
9) This sought to make things 'visually apparent' _ 
a notion explo~ed in geomtrical work with the subjects 
in the field work. 
10) Exposure to the group forces people to move on when 
not ready. 
11) Removes a sense of isolation. People often 
believe, falsely, that they are the only one in the 
group who does not understand. 
12) The tactile experience again. 
13) 'Establish' is a word like 'stabilise' and has 
a similar function. 
14) Another reference to 'the authority of th subject'. 
15) One way of coping with the quicker ones. 
16) Another appeal to 'pseudo-concrete' experience. 
17) The need is to achieved relaxed attentiveness. 
18) There is no guarantee that peopie will be honest, 
even in this setup. 
19) I believe explicit statements of what one is trying 
to do to be helpful generally 1n teaching. 
20) Repetition is used deliberately to get the prob~em 
stabilised, and to offer security. It also has 
a slightly hypnotic effect, which may reduce anxiety. 
21) Repetition - said soothingly. 
22) More tactile recall. 
The group were now asked to record, briefly, but not 
this time 1n a single word, their emotional response 
to this second experience. 
The table that now follows records their reactions. 
They are listed in the order of severity of their first 
rsponse (my perception). Of ~articular interest are 
, -:.., . 
the replies of the first five people to the second 
exercise. We shall discuss these and other such replies 
to the grou~ experiment later. 
lit>O • 
TABLE 2 
COPl Jarati vc' l'-C~)1J t tt" (If subiects in two tests 
= 
Sex 'fE'S t I Test 2 
Terror Much more relaxed. Interested. 
F ~ Janie (~iet fun, which I really 
enjoyed. 
Happy, calm and relaxed. 
F Calm, more secure but still 
had moments of feeling not 
confident. 
Ii ;W("(=\ t~' Ic\ 1.)1.tr\.ting Pleasurably interested, wanted ':r 
to go on. 
Inquisitive - curious. 
F Satisfaction as each stage 
was completed because I was 
fairly confident that I was 
correct. Happy there was 
no time pressure. 
Fear Sensual. 
H Ugh! Soothing and stimulating. 
Interesting - nice it could 
be private. Could scrap 
'muddle' and start again 
without shame. 
~1 ~\ t ) :,1 " (' I I (" n c.~ i <.) I ) Cosy - \Vomblike. 
~1 
F 
M 
F 
tvl 
Tense 
Tensio 1 1 
TenS-L(lIJ 
I'Jervou s 
IIi lari t" 
Test ~l 
:~e laxed. Confused in the half-way 
but did not lose heart. Got back 
~gain to struggle to find answer. 
Suspicion of potential trickery. 
[Zelaxing 
Involved - wanted to do it all 
enjoyment. 
Surprised at how clearly~iI could 
visualise each stage. 
;~easonable purposeful activity. 
I don't like shutting my eyes 
but having got over that hurdle 
1 liked the exercise and thought 
1. twas sensi ble if a bi t slow. 
Dark 
Ib l, 
Individual Testing 
As we have spen, emerging most forcibly from the study 
was the fact that panic was created by authority and 
time pressures. In the five studies in this chapter 
we see how little difficulty there was in inducing 
pan1.C, though there were also some interesting ways 
in which they managed to develope resistance at some 
points. It is interesting to speculate whe~her even 
• 
j)eoplp who arc· able a.t mathematics, and with positive 
attitudes, might De reduced to a state of anxiety by 
suitably deVlSf'd experiments. 
Of the iivp subjects, two were Jun10r to mei~ and directly 
r'?sponsiblp to me for their professional work. This 
is important to state, S1nce the weight 0:f authority 
is so significant. The third worked in the same general 
area a.s myself, regarded me as a senior person (and 
something of an authority), but was not responsible 
to me. The final two were people who had never met 
me before. The first three subjects were seen in private, 
1n surroundings familiar to them. The last two were 
1fl \'pry publiC' situations at conferences. We might 
theref<-'lre sa\' tha,t the first two might feel more personal 
pressure froln me, and the others more peer-group pressure. 
An added factor with the first two was that they already 
knew a good deal of my theories:. 
LbL... 
All five wer(~ women. This 1S a disadvantage, in some 
senses, but i_ t has emerged that women seem better able, 
and perhaps n')r0 wi 11ing, to discuss emotional response. 
Howev€r, the thesi:~ seeks to show what causes panic lit 
does not sec,L to discuss sex-differences in attitudes 
to mathematics. It lIlay provide some bases for such 
work, but th;\t is another very extended enquiry. 
Firstly, theIl, let us describe the experiment. It 
consisted r)f nne-t~-one intervip\';s conducted, as we 
havp r-;llid, s()me in j)riv;\te and others very publicly 
wi th C\.n aucliPtlce who then commented on what had happened. 
I s~t on onc side df a table, with the subject on~the 
other, and I asked questions for about ten minutes or 
a quarter of an hour. 
The first qupstions were numerical calculations, carried 
out mentally, and of increasing difficulty. The nature 
of these will become clear as we describe the separate 
interviews. These were followed by a spacial problem, 
which must b£' described. The wood sculptor, Brian 
Willsher, makes ru~zles rather like three-dimensional 
]l.gsa\\i:=-·: -
Diagram 9 
Ib ~ . 
A cuboidal bLock of wood is cut length-wise in curved 
lines using a band-saw. The one used in the experiment 
had only four l)ieces, as shown in the diagram. It is 
simple, and chosen for that reason. Many people find 
this tYDP of pUL':z Ie intriguing, and if left alone, with 
no pressure. would enjoy attempting it, and would 
probably bp c;ucces stu 1 qui te quickly. It did not· 
always ,)cove easy under the conditions of the experiment. 
Thp interviews were ,ludio-taped, and as much can be 
subjects' 
deduced from t he A voices and manner about their,; 
emotional st~te, as from what they actually say. 
An inq'?nioll5 attempt (devised by Skemp) was made to 
introduce more precision into the experiment. The 
subjects had two buttons to press, one indicating pleasure 
and the other anxiety. The buttons gave high or 
low-pitched buzzes, not heard by by myself, but recorded 
on the tapp. Their noise level could be controlled 
separa.tely from the ~f)nversation, so that on playback 
they could be brought to a suitable level to punctuate 
the recording. ~1y questioning was devised wi th the 
expectation of certain responses at certain stages, 
and the buzzes showed whether these expectations were 
met. 
This J~ll-'tllod \\',"\;, (J! pctivp and revealing but was not 
without difficulty. Practice was necessary for the 
SUbject, ano thE presence of electronic equipment was 
itself rt factor in creating emotional tension. At times 
I b 4-. 
corn,lJarisons b~~ tween what was said and the button pressed 
made it evident that the wrong button had been pressed. 
There was a tendency to press the 'pleasure' button 
when an answ{~r bad been reached, as a measure of relief 
rather than :)le~suJe. Furthermore, the need to use the 
hands on the spacial problem made it difficult to work 
the buttons as well. Efforts to replace the hand buttons 
by foot pedals ran into technical difficulties. 
V.Je now g~ve tile deta.il of the separate experimentsl-
Subject __ No e._ .. 
The first subject was an advisory teacher, since 
promoted to headship. She had taken 'A' level mathematics 
at school (not successfully, I think) and main mathematics 
at college 111 teacher training. She could therefore be 
thought of a .. s someone 'good' at mathematics. She was 
very conscious that I knew more mathematics than she. 
She Also worked directly to me, so I was very much her 
'boss' • 
l)espi 1, e what T hoped was an easy and relaxed manner 
at thp ,:.tart, SIH? i:nl1lediately pressed the 'panic' button 
whrn t.old wp were about to begin. This was repeated 
when c;;:~id th.=d: i t wa~:; te> be calcu lation. ~Vhen I said 
thzlt J ,lid no t lIeec1 t .. ) know the answer, she hastened 
to ha\-{~ thi~" confirmed. 
The fjrst qupstion was '17+8'. She asked for it to 
b" repea.ted. She then settled a bit and did a series 
of questions, not g1v1ng the answers, but pressing 
the I)leasure button with every answer. I then sou9ht 
16~· 
to impose prpSSlll('? I asked for 117 + 84, wanted the 
answer, and s::1.i (I 'move along'. She replied • Oh God!', 
presssed thE' pleasllre button (clearly wrong) and said:-
"You sec that'::. panlc - I'd have to go back." 
1 con:;e,l.?(J h. r-, :; 101,\'(><j d0Wfl anct did some mul tiplication 
3 x 8 ••••• 5 :( 7... ·:1[}U she set t led aga1n. I tri ed to 
keep things ~:;tah1e by saying:-
"Take your time over this - it's not in the tables _ 
do it in your head .• ~7 x 13." 
she says 'Uh-mm' rather quietly, and apparently happily, 
but without pressing a button. 
Then:-
She then got 8 x 13. 
"Speed it UI)' aga~n 7 x 14, and I want it as quickly 
as YOll C r\.n • " 
She agau1 sought to save time by repeating the question. 
Thi s j~:i characteri s tic of the behaviour of various 
subjects throughout this study, when they are fussed. 
They ei ther repeat the question themselves, in a 
questioning tone, or ask the experimenter to do so. 
In this case she gave 117 in a rush, then managed to 
remain calm and corrected to 98. It was clear from the 
tone of voicp that she v!as holding herself firmly in 
check. 
Again I hustled her, a.sking for 11 x 18 • As fast as 
yon can' ..••.• then ....• ·come on, come on'. She presse~ 
{b~ . 
167· 
the panic bU"tt=>1l cJ'1d dissolved into nervous laughter. 
In the second half I used not only a four-piece puzzle 
but on£:' of a simi l,-'T type, but wi th nine pieces, which 
W-3.S much har -le1". 
We started with the four pieces, and she was asked to 
work with her right hand only, so that she could work 
the buttons ~ith the other'hand. The recording showed 
that she hC\d pressed the pleasure button'=.eArly on, 
laughing (it seemed nervously) at the same time. She 
tool-: C;OlTle t ilne, bu t got the problem out. I applied no 
preSSUTP. 
She explC\ined to me that she did not like the fact that 
it was not il cuhe (which had been her expectation). 
"I didn't likp it when they didn't fit like I thought 
they w('re 9ol.n9 to •... Yet my first reaction when I saw 
it was to f.)ress the plea'3ure button when I saw the shape. 
I like shapes. It doesn't mean I was going to be able 
to do it, but I felt differently from the numbers." 
I then C\Sk0ci her to do it aga1n, sayingz-
"You ouqht to be able to do it faster the second time, 
. 
so do jt now, as quickly as you can." 
She prf'ssed the pan1c button, but g<bt through quite 
qulck1V· 
Next, I uspd the nine-piece puzzle, and assured her 
that it was bound to take much longer, and was generally 
soothing. l\S she ; >rogressed, however, I gave more 
emphasis to speed, and was somewhat derisive about her 
efforts:-
"That's c\1 1 ';rullg. Only three to do and you can't." 
She finished trl 9CY.Jd time and seemed to have cut out 
:~he then commented s-
"I didn't [Jt"(:>ss ,,,nv buttons then. I wanted to do it. 
I got involved in doing it. Because I liked the shapes 
and because ( fpIt more confident in dealing with it, I 
was prepared not to listen to what you were saying. It 
isn't that I can't do mental arithmetic - I was good 
at it at school - but I'm out of practice and it's that 
feeling of being tested. With the puzzle, I could 
cut you out. I like it, and was confident of doing it 
1n my qwn \Il<1.~T. I\rvl then:;' was a right answer in the 
sense' that it had to be fi.nished but if I made a mistake 
and pu t the '.vrang thing down, I was learning by that 
becatl~,E' J wa:~ cii.rnincl.ting things. When you were asking 
the answc ( to ~ sur, and you wanted me to be quick, I 
did nut find it easy if I said the wrong thing." 
Subject No. ;~ 
This subject also worked to me, and has since been 
I bl2r . 
promoted to ,', ,-tppu ty headship. At school, she had been 
successfill arld c0nfident in mathematics until she ran into 
difficulty, :)i'\rticul~rly with calculus, in the 'A' level 
course. HavLng PIlfered teaching, she regained interest, 
and h(~lcl a r,:sponsi bi Ii ty post for mathematics in a 
primary schoo 1. 
The opening remark, that I was going to ask her to do 
simple problems, in her head, but that I did not want 
answers, merely an indication when she had finished 
each sum, was accompC',nied by the 'pleasure buzz' on 
the recordinq. First question was 8 + 3. Then 17 ~~35 , 
then 83 + 41 , and the second two drew the 'pleasure 
buzz' when she had reached the answer. The next question 
was 'seven eights' and this was misheard (genuinely) 
as 'seven-eiqhths' and she asked 'Of what?' 
"Now, specifically work faster, and tell me the answer ••• " 
This i nl%:=>uiately produced the panic button. I then 
asked 23 L l\~ , which she repeated, pressed the panic 
button, laughed nervously and then got it right. Next 
I asl<ed 29 t- 36 and she said 75. Rather aggresively I 
said '/\re yOll snre?' and she showed confusion, repe.ated 
the question, and tilen got 65. The repetition was 
said firmly and slowly, seeming to show that she was 
seeking to control her reactions. 
"Got tll.at: \";r()i~'), rlidn'i :.'OU-(" 
This was mc;n'" ;)()~,ti 1 (-', s0nslllg that she was consciouslY 
resisting. 
"7 x 13 in your IH"<1d. as fast as you can do it." ••• "91" 
"Are you sure about that?" .•••.••• "Yes" 
"CheckEd it? I I •••• • "Yes " 
The anS1,IJ(>rs ca.m(:: s lCJiNly and wi th control. 
~:Jhen the> hlocks were produced, the panic button was 
pressed~ ','JI1 0 11 ~~he 1.vas told she could take as long as 
sh(~ Livf?d shp took the blocks and seemed happy. As 
sh(~ i,'iorkr'd sh,"" lJress[>c! the pleasure button. She succeded 
in d'):lnri the pU 7 /)':', ,-:l.nd J. then asked her to do it 
She complained dt the use of the button:-
"I can't think straight" 
"What's wronq with your thinking? (Panic button) 
.~ .•. bet you'll get the rest wrong." 
"I don't think of these as being serious, it doesn't 
bother me now." 
Wi th thj s c 1..tim to be cool, she was not put out by 
fur t hel ;'\ 1 t(?l1pt ~ to ,lft ec t her, and completed the task. 
l?O . 
I 't . 
Subject No. 
This, the third of the private sessions, was with 
another arlvisory teacher, not in the mathematics team. 
A well-qualified person, with a higher degree, but no 
special interest in mathematics. 
We started a~ before, slowly and not needing to know 
the answers:-
"17 + H 7" ..... and i\ very quick response "Done that" 
"25 I- 29 ?", (c~nd ~\IJ(-\in a quick answer was indicated. 
"Feel ha.pp~v''?'' ......... "Yes" 
"I'd .like to make it more difficult ••• 87 + 49 •••• 
• 1 1 ' II Ply " qU1C-<. y now ••• ~ ...... es (quite quickly) 
"Like to tell nH~ the answer?" ........ "138" 
"Are you qlti te sure of that?" ••.• "Can you repeat the sum?" 
At this stage I become more aggressive •••• 
"Why h('l,5 it gone au t of your head?" ••••• "Because I 
thouqht I'd Got the answer." 
"It'e, ol)lv i.I'o tV,7()-fiqure numbers." 
I then gave the question aga1n, and she first gave 139, 
then ques tioned the f'7. There was evidence of confusion, 
but she then got 136, and was confident. 
17L. 
Next ~15 + 95 .... 
"Should be able to do that quickly •••• have you got it 
yet? ...... Can ynu do it?" •••••••.• "200" (doubtfully) 
"200 - i~ea] ly ..... exactly?" "210" (Pleasure) 
As with the ·,thE>rs, we now moved to multiplying, and 
her confused appeara.nce led me to try to re-establish 
calm. 
"Let your mind go flat. Take an image of a calm lake 
inside the mind. Just remember a few facts, like five 
fiV:5. 7 x C), that's supposed to be a hard one in the 
tables." . . . . . . "6.?, " 
"Yes, no problem about that. Another one, relaxed and 
easy, take a~; Long c\s you like. Don't offer me an answer 
till you ar€' totally certain you are right •••• 7 x 14." 
She ref.Jlieci, quitp f,)..st, 9R" 
"Faster 15 >. 12 . ,'\ny way, but quick. " 
. 
She repeated fifteen twelves. Then hesfltated. 
"144 and 36 .....•. disturbed by the noise next door •••• 
• • ummmlTl .... " 
"1') x 12 ~" (sh~rply) (Panic button) 
There was now a lung dolay and then she saids-
"\...;()ne complptely blank." 
"Right .... 7 x 13. Uuick." 
"103 •.• no, that isn't right." 
(tapped on desk) (Panic) 
There were disti.nct Sl.,=-lT1S of fluster, and we left the 
numerical work. 
We moved to the four-piece puzzle, and I sought again 
to produce calm, by asking her to handle the pieces, 
experience them, recognise that they will form a brick 
shape. 
"Take your time and do it. The shapes are pleasant and 
attractive, a.ren't they? It usually takes qUite a time, 
that one. Not tu be expected that you get it very 
quickly." 
She worked at it,asked when she has two pairs fitting 
if they all go together, and then did it. (Pleasure) 
I then broke UP the puzzle, and said:-
"Now )Iou've hC\.d [Jractise with those, you should be able 
to do it decidedly quicker. Now move on and get it done • 
........... That's crazy, that doesn't fit like that." 
Despite Illy harassment, and with a nervous laugh, she did 
the puzzle quickly. 
,,~, 
I 7'1- . 
This subject, tO I), LS highly articulate, and able to 
express her feelings with some precisiont-
"I've had verv little expp."t'ience of mental arithmetic. 
It made i.t mOle difficult to hold onto the numbers with 
the I?ressure. I 1~hil;k the mistake was to set it out in 
my head as th--:,.gh it t'.;Ole a paper calculation. I couldn't 
keep it when r was cC\rrying." 
"~AJhen you did the spacial problem you did it much more 
quickl\' the second time despi te the pressures I was 
putting on you. What was your reaction to them?" 
"Far less, because T knew what the goal was and I knew 
I'd recognise it when l' d got it. I gave you one' 
calculation that was way out because it ended with a 1 
and it shouldJl't have done. And so I knew I had to go 
right bC\ck to the beginning. With this (the. puzzle) 
.. f' 1 t' " 1 twas Slmi)ly a case 0 manlpu a lng. 
"Do you like spacial problems?" 
"Yes, Jiluch more. Unless J have paper." 
We now look at two rAther different situations. All 
these three subjects were seen privately, in the same 
room, well-known to them. The next two were public 
demonstrations of the experiment. 
Subject ."Jo. 4 
This interview and the next were conducted publicly at 
meetings of the J~ritish Society for the Psychology of 
Learning t-1athemat ics. At the opening session of each 
of these conferences descriptions of 'research reports' 
were given , very briefly, by those offering them. The 
purpose was to allow members to decide which of several 
sessions goinq on at the same time they would attend. 
I therefore s·li j that I wanted to apply pressure to a 
voluntCt I to produc p i)an1.C. This proved an attractive 
idea, ,"'tncl there' were ~lood audiences. ~10re fortunate 
was t h(~ lNi 1 1 i I I<JrlC' S~:3 uf an individual volunteering in 
each C;)5,e. /\ ~;e(-~re"'ta:r.y in the local college 'offered'. 
With this subject, a woman I had never met, I started as 
usual, with time:no object and the answer not demanded. 
The first two questions were dealt with confidently,and 
with the pleasure button pressed when the answer was 
reached. Then:-
" 53 + P4 " . ... " Bit quicker, get it now." 
.I\gain, the tape indicated pleasure whe1she got the answer, 
which did not have to be given. I applied mo~e pressurel-
ItS f' t 7 " "1 ,ure 0 ~ . • •••••••• 
"Sure'?" ......... "Yes" 
think so." (nervously) 
(with a giggle) 
\ 7~-. 
(7c. 
I now increas~rt the pressure:-
"Can you get really rapid responses. Let me know the 
answer and I'll he able to see if it is tight or not" 
. . .. .. '" . "7() •••• Oh 1 (nervous exclamation) 
No, no .... 1 ha_ t 's W ("0:-19 •••• " (The voice weak and 
hesitant) 
"Come on, what WnS it I told you?" ...•• "31 + 59 ••• 90 •• 90" 
"Sure of that-?" •••..••• "Yes" .•••.•. (Panic) 
"R3 -I- 121" (sharply) • • • • • "204 " (firmly) 
We moved on to multiplication, but I remained hostilel-
"13 x 17 , quickly as you can, by any manner you like, 
but quick!" ...... "181" 
"Really? .. i~eally?? ..• You sure? " 
At this stage she began to mumble in a low strained 
voice ..... 'not sure ...... 170, 230, 221" (cor!£ect) 
\ve hr"kr-> at thi s <:", tage and discllsS?d what had happened 
with both the subject and the audience. There was a 
great chanqp in her voice, which became firm and clear, 
in marked contrast to the tone when she was most anxious. 
She said that sh~ would have done much better with pencil 
and paper for she was 'absolutely dependent' on them 
for doing mathematics. 
1/7. 
"~~)ha t wa s you r reac t ion to my manner?!' 
"Slightly thr~'atQningt if that's the right word. I don't 
want to be nasty, but slightly threatening." 
A member of the audience commented that it was more 
than 'slightly' threatening! 
She thc~n recalled hpr emotional state through the experiment 
so far and s<::d.d, frpel.y and without prompting:-
"The emotions came over me. Firstly with the speed with 
which you askpu mlJ to do it, a.nd then the manner you 
attached to it." 
She 'Nas now invi ted to ha.ndle the separate pieces of the 
puzzle, to take her tim€, and generally relax. She 
almost ~olved the puzzle, veered off, and tried all sorts 
of impossible arrangements. The effect on thDse watching 
was to create intense frustration and an urgent desire 
:. ';. - -' -- - -' -
to help. The neutrality of the audience was completely" 
lost. 1 asked her to monitor her emotional state. 
" [ can see that they fi t together in pairs, but that's 
not the way they alC' aoing to fit together as a four. 
At the moment [1m looking for an alternative." 
II Do you fepl content with the process?" 
"No, fax from it. ; '1"'1 not making any progress and 1·: 
haven't got a~1ything visualised in my mind as to where 
I am going. I've a feeling that somehow the outside 
should be straight edges." 
She completed the task, with satisfaction, but feeling 
she had taken too long. I then gave her the puzzle, 
and tried to put the pressure on. This was not easy, 
and there was some levity from the audience. She finished, 
and said:-
"I am gf.?ttin<) used to you, and you are not such a threat 
to me. I Ca.l' f(:>el myself saying 'Never mind what he says 
in the ))ackground; try to ignore him'" 
Then, observing on the whole experiment:-
"I didntt feel the pressure I did on the number work 
because I had a thing there to get a hold of. Something 
to hold on to, to move about wi th, to keep my mind on.:~.: 
There is a tangible object to work wi th - not listenihg~' -
to you on multiplication when you broke in and I had to~' 
start again." 
SUbJect No . .5 
This w.:\s at another B~:;PL\1 conference, and the volunteer 
was a woma.n rCJTlectial teacher. The same process was used. 
\ ')q . 
With the initi,\t 'comfortable' numerical work there 
were firm cle:\r responses? with the pleasure button 
used a~·; each i\nswer was reached. I increased the pressure 
and re,3.ched ;1 hi9h~r level of urgency, and greater hostilty 
in dern,)nds tll<llJ wi th ;1.ny other subject. All the pressure 
was successfu llV resi~,ted, wothout any overt or covert 
(throu9h the button) ~;II0W of anxiety. 
~~he explained that hee ()~{f)erlenCe 1n teaching was in 
nUTnp.ric;:\l v"nrl/~ ar,\'hich she was confident and assured. 
i n ten din C) t () b·) I )(' 1. : j (\l 1 ,-.1. n d ~; 0 0 t h i n 9 • At the mere sight 
of th0 1,l)r thf'> ';1.1[-1 icc 1_ i.mmediately showed symptoms of 
acu te ~H1}d I'~ tv, bot h in manner and in the use of the panic 
button. I)psr-); tc efforts to encouraqe her, she took a 
very lono t i IllC' eVE~n tU;:l11 v to fi t the pieces together. 
Later in the c!C\Y, wpll a.fter the session, the subject 
approached me and asked to borrow the puzzle. She then 
took it nff, worked at it by herself until she had 
rnast('r(~,t it 2Jld reported this back to me later sti 11 
1 nth e ,: I ~\ V • ~;hE' IV.'lS d(~lighted when I gave her the puzzle 
<I.S ,\ i'I{)S,-~nt. 
I'. 
, 
,!So. 
GHAPTER NTNE 
CONCLUS IONS, LI t-.n T AT IONS AND FUI~THER \vOI<K 
CONCLUSIONS, LIt-lITI\TIONS AN)) FUHTHER ~vORK 
The original intent was to 1.ook at the more extreme 
manifestations of 'maths. anxiety' (though this 
name was not current when the work was started). 
".'Ji th this in V1ew. I simply let it be known that 
that was what I proposed. In contrast to the 
experience of Sewell (19R2, Cockcroft Report), 
who found that people were unwilling to discuss 
mathematics, I found many willing to discuss their 
distaste for it. The willingness was the main 
criterion. so no claims for a re~resentative 
sample of the population are mnde. 
, 
The initial investigation, conducted with twenty-
four people in interviews of an hour each, gave 
manv leads, and would provide a base for other 
studies, with a different direction. A wide range 
of affective responses were offered, the most 
surprising feature being the qreat strength of 
feeling. at levels which both the subjects and 
I felt was out of proportion to the issue. 
as one of them commented:-
"There's no pro~ortion 1n it." 
However. 
and T was driven to accept that the extremely 
hiqh levels of anxiety were genuinely felt. 
Naturally there were cognitive lSsues raised, but 
it became clear that one sou~ce of later emotional 
rejection of mathematics had its origin in the 
thinqs that the subjects had been told in mathematics 
did not accord with their own intuitions. This 
Ipads to the im~ortant matter of the need for 
'emotional acce~tance' as well as cognitive 
unrlerstanding of a piece of work. There 1S scope 
for more investigation of this idea. 
Certain words seemed to crop up often 1n these 
preliminary investigations, and to be invested 
with particular significance by those pffering 
them. Some, like 'control' and 'demand' need 
further study, but the specific reaction on which 
I focussed was that of ' panic' . This was an odd 
word for peot)le to use~ it seems to have a specific 
mean1ng and not be well related to other emotional 
words, and it 1S clearly a very powerful reaction. 
In conducting what 15 now referred to as a 'teaching 
experiment' I had this specific rection 1n mind 
from the beginning, bot needed to place it 1n 
the context of other affective responses, and the 
typical situations that occasion them. 
The two m~des of this part of the work have been 
fu 1 1 v descri bed. They were still investigatory, 
and were not testing a theory, though I had Skemp's 
model of intelligence in my own thinking as I 
worked. ~~rt of my intent was to develope a style 
of teaching that constantly recognised the affective 
dimension of what was happening. It was not 
designed to make things easy, either 1n 
understanding mathematics or in avoiding emotional 
problems. The intent was to examine how we think 
(which does not always make the mathematics easier) 
and how we feel (which sometimes meant that 
stresses were allowed to develope in order to study 
them). 
The work both in the group and with individuals 
led to the isolation of a number of ways in which 
the action of the reason might be inhibited by 
the emotions. As this analysis (detailed in 
chapter 6) developed it was checked with the s 
subjects for their observations on it. Appedix 
B indicates where and when in these sessions such 
issues arose. 
These situations form a broad base for a study 
of emotional interference, some of which may be 
at a relatively low level. However, both 1n the 
group and with individuals there had been a great 
deal of discussion of the particlar reaction of 
panic, and from there it seemed sensible to pursue 
the more limited aim of looking at that response. 
It was not only that throughout, the word had 
often been used, but it also regularly occurs, 
as we have detailed, 1n the literature, but without 
an rtnalysis of what it might mean. 
/f2 . 
An interpretation of panic on Skemp's model proved 
possible and was outlined in chapter 3. Its 
virtue lay, not only in proceeding from his theory, 
but in matching 1n many ways the things the 
subjects said of their own experience of panic. 
(In particular, note the description given by 
S on p 1(( ) 
In his mOdel,~, is under what it perceives as 
threats from outside, which will materialise 
if an answer 1S not produced, or not produced 
quick ly enough. Shou ld 11).. not produce a plan, 
or not produce it quickly enough, the consciousness, 
directed by the emotions, moves back and forth 
between the two deltas, resulting in the paralysis 
we know as pan1c. 
The field work showed us that it was authority 
pressures, particularly when they demanded that 
a time limit be met, that were the most potent 
threats that peo~le described. 
The testing, therefore, of chapter 8 sought to 
show how easily, by the use of these pressures 
a state of panic could arise, and that this 
particular word would be used. It was then 
contrasted with the very agreeable experience 
that these same people could enJoy, largely 
through the explicit removal of these pressures. 
In the tests with large groups, the number of 
people offering the specific word 'panic' was 
as follows 
Table 2 3/20 
Table A 3/27 
Table B 5/18 
Table C 0/14 
Table D 6/39 
Overall ,theref6re,some 14% of those subjected 
to this very short, and artificial, pressure, 
reported that they experienced panic. One of the 
groups listed was a 'failure' for the experimenter, 
and there may have been special reasons obtaining 
there. This is strong evidence of the proportion 
of people whose mathematical education has left 
them very vulnerable to the very pressures they 
suffered at school. 
There were other very strong negative reactions, such 
as 'horror' ar 'terror'. It would need a close 
examination of what the subjects meant by these 
words to discover whether they are in the same 
emotional region as panic. 
In the second part of the experiment, it is 
patticularly significant that some very positive 
responses were offered by those who had had the 
strongest negative reactions to the first part. 
\~S-. 
They speak of 'Quiet fun which I really enjoyed.' or 
:Happy, calm and relaxed.', and comment on feeling 
much more confident. Since the remarks made while 
giving this problem were aimed at the removal 
of those negative preSSUEes, this provides extra 
evidence of their importance. 
The intent in the individual testing was to create 
in succession states of calm, relaxed enjoyment 
and of panic by alterations in manner (authority 
~ressure) and in attitude to time. Each individual 
was taken through three tasks, and an attempt was 
made to ~roduce six states, alternating calm with 
panic. It would be a sad commentary on human 
beings if this form of control by brief mechanisms 
(however carefully devised) could switch them 
back and forth in this way. We would appear 
more like billiard balls, under a stimulus-response 
model. I consider it enough, therefore, that 
marked changes are produced, generally in line 
with the predictions. 
In the following table, success or failure ln 
achieving the desired change are marked by ticks 
and crosses. 
It~. 
t!' . 
Table 3 Adding Multiplying Puzz Ie 
Pressure Off On Off On Off On 
1 .X vi V V V / 
2 V ../ - v;c.. / V 
.3 V ~ /' V / ')< 
4 ./ ./ V V 1<-
v/ X- V ~ ...,... V 5 
Where the ~anlc rose, but was then controlled, 
both a tick and a cross appear. The results 
show that in general panic could be caused. There 
was a total dysfunction in the task performance, 
and the tapes of the interview reveal very marked 
chanqes in the voices as the sujects moved through 
the tasks and the pressures. 
The ex~eriments were not conducted in standard 
situations. The important differences were that 
some occasions were very ~ublic, and others 
com~letely private; that some of the people were 
my Junl0rs ln the normal work situation and others 
had never' met me; some may have known of my thinking 
and others clearly did not. Whatever the situation, 
each was moved back and forth, some with marked 
changes in performance. 
One interesting quotation recognised the pressures 
I was imposing:-
"The emotions came over me. Firstly with the 
speed with which you asker me to do it, and then with 
the manner you attached to it." 
From these experiments I conclude that the presence 
of an authority figure imposing time pressuxes and 
overtly sitting in judgement can rapidly induce panic. 
Furthermore, I conclude from the many observations 
made to me that this was the root cause of the 
disablities many of my subjects suffered in mathematics. 
I further conclude that the explicit removal of these 
pressures can rapidly lead to the same people having 
rewarding mathematical experiences. 
The panic reaction is not peculiar to the study of 
mathematics. but there are features of its study that 
can make it singularly productive of such negative 
experiences. 
Certain limitations in this study have been indicated. 
In no sense can it be claimed that a representative 
sample of the population was used. The subjects 
were nearly all well-qualified and articulate. They 
form part of the community mentioned in the Cockcroft 
Report (sect. 21) as being particularly susceptible 
to guilt about their mathematical incompetence. 
Hilton (1980a) lists them as his class B2. 
In looking at peo~le of this ty~e, this s~udy shows 
that certain particular pressures are responsible 
for this condition, and indicates means of avoiding 
or even recovering from this state. Were it 
only to apply to such people, its importance would 
be considerable, for there are many such. This 
has become much more widely recognised since 
this work was begun. 
The extent to which the self-esteem of these 
otherwise competent people had been attacked was 
quite remarkable (the classic case was Elaine). 
An essential element of all remediation is the 
re-establishment of this esteem. Kogelman, 
in his program at the Bronx Community College, 
found this with a very different population. 
There is an issue as to whether it is the mathematics 
that is central to the problem. Ce~nly the 
worst pressures are inter-personal, but that 
does not mean they are independent of the subject. 
There are features of the mathematics classroom 
that may make the l)reSSures more tJotent than 
elsewhere. Schools generally emphasise the 
importance of two subjects, mathematics and English, 
and this means that things said by teachers there 
may carry more weight. Specific to mathematics, 
however, is the equating of ability at it to 
general intelligence. Since schools have as their 
main function learning, they tend to regard more 
highly those pupils who learn well, even when 
they claim this is not so. The attachment of 
moral worth to intellectual ability, and the 
equating of this to mathematical ability produces 
a situation (however false) where failure ln 
mathematics is seen as striking much more at 
self-esteem even than ability in English. So 
people are more at risk in a mathematics lesson. 
The treatment of mathematics in many schools as 
a subject where you are either right or wrong 
produces an even greater imbalnce between pupil 
and teacher than elsewhere. As several of my 
subjects saw it, in the mathematics lesson, the 
teacher was always right and they were always 
wrong. 
It may also be, though this is purely subjective, 
that there is a higher incidence. of questioning 
in the mathematics classroom than elsewhere. 
This is a feature that many find too 'demanding'. 
These varl0US features enhance the dangers we 
have specified; they do not mean that they are 
absent in other areas. A number of people saw 
games and P.E. as subjects where they might suffer 
similar traumas - though once they had escaped 
from school the failure seemed to matter less. 
It would, of course, be pleasing rather than 
otherwise if the results were more widely 
applicable, though the study only looked at mathematics. 
As we noted in chapter 2 Hoyles (1982) found 
that children reported disproportionately many 
'bad' experiences in mathematics. 
Although I was concerned to work with both men and 
women, and saw a fair balance in the initial interviews, 
had a balanced group, and only failed to get balance 
in the individuals, the results do not differentiate 
between men and women. My SUbjective impression 
was thctboth were subject to very similar negative 
feelings, and at the same level, but that it took 
longer for the men to talk about it. A specu'~tion 
did arise however, which we shall now discuss in the 
suggestions for further work. 
There are many and varied reasons glven for the 
difference in performance at school leaving age 
and in higher level examinations in mathematics 
between boys and girls. It would not be appropriate 
to survey them here. However, this study indicates 
the importance of feelings about authority, and 
our society certainly encourages quite diffe~ent 
res~onses to authority by girls and boys. Girls 
are encouraged to conform; if they do not, they are 
usually 'tutted' at, and shown by small gestures 
that their behaviour is inappropriate for their sex. 
Boys, even when punished much more severely, are 
glven to understand that this beha~±our is expected 
of boys. The speculation is that as one advances 
1n mathematics, the routines are better performed 
by girls, and as more venturesome material in the 
form of problems ar1ses, the boys perform better. 
This 1S a speculation which clearly would need 
much work to support or refute it. 
It became apparent from stories about their school 
lives that certain regularly occurring incidents 
resulted in particular emotional responses. I have 
startes to detail such common situations and test 
with groups what their reactions are. Any such 
investigation might depend on a better analysis of 
emotion than seems to be available. 
A most important area is how we may best introduce 
an affective dimension into the mathematics classroom. 
I have over the last few years developed a method, 
called 'textured learning' which had its origins in 
the grout) of this study. This is an area where there 
needs-to be a wide range of experiments. 
Certain of the subjects, particularly those in the 
individual testing managed to control the rise of 
panic and to work effectively. In Skemp's theory 
we may postulate the action of a delta-three, but 
evidence from people would be needed. Were we to 
analyse how it is done, it would be an important 
step. 
1'13 . 
Finally, while we may have done something to demonstrate 
the adverse effects that emotions may have upon the 
reason, it might be more important to find out how 
the emotions can aid one's reason. Vve are a 11 aware 
of the added drive we have in tackling certain pleces 
of mathematics that a~peal to us. 
If we could just occasionally allow our pupils to 
experience that drive, we would have made a great 
step forward. 
APIJENDIX A 
ANALYSIS OF ATTENDANCE AT THE GROUP 
ANALYSl S OF' ATTENDANCE AT GROUP 
VJeek A 13 C f) E F' G H 
1 0 
2 
3 
4 0 
5 
6 
7 0 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 0 
18 
19 
20 0 
21 
22 0 0 
23 0 
24 
25 
26· 
27 
28 
29 
30 0 0 
31 0 0 
32 0 
33 0 
34 0 0 0 
35 0 
36 0 
o signifies absence. 
\4I\b. 
APIJENDIX B 
TOPlCS 
=~UJ;<'S 1)1 SCUSSED IN THE GROUP 
Mathematical 
SESSIONS 2-4 
ToPic.S 
I~!Htg~ 
Conic sections, and the notion of movement under constraint. 
SESSION 5 
The cycloid. (An extension of movement under constraint) 
SESSIONS 6-7 
Number bases. 
SESSIONS 8-9 
Straight line equations; solution of simultaneaous equations. 
SESSIONS 10-11 
Logical problems. 
SESSIONS 12-15 
Various graphs, leading to solution of harder problems 
on '0' level papers. 
SESSION 16 
Interpreting numerical facts. 
SESSIONS 18-22 
Extending the number system, with special reference to 
directed numbers. 
SESSION 23 
Symbobs. 
SESSION 24 
Square root s. 
SESSION 25 
Factorising; and the fundamental theorem of arithmetic. 
SESSION 26 
Indices 
SESSIONS 27-28 
Papal lei lines and the angle sum of a triangle. 
1 • 
S ES'-; I ON 29- 30 
Pythagoras' theorem. 
SESSIONS 31-33 
Angle properties of a circle. 
SESSION 34 
Radian measure: trig ratios. 
SESSION 35 
Problems from papers. 
SESSION 36 
Series. 
/' 
"lOpi'-5 
Psychological and Pedagogical 1:' 5' QI3 
SESSION 1 
Reasons for interest on noninterest in learning. 
Effect of physical environment. 
Adoption of clown's role to escape classroom threats.(~) 
SESSION 2 
The meanings, mentally and physically, of 'panic', 
a range of situations, not all learning ones. 
. 1n 
The need to know why something works, as weJI as how. 
SESSION 3 
The difficulty of receiving information about a problem.(~) 
The 1ssue of 'relevance' in creating interest. 
SESSION 4 
The pleasure 1n having understood something, as demonstrated 
by being able to explain it to someone else. 
P-evious failures in seeing structure in maths. - all detail. 
(No satisfactory schemas) 
Issues in geography where mathematical structuring made 
remembering eaSler. 
SESSION 5 
The need to discuss qualitatively as well as quantitatively. 
A short excursion into 'visual logic', later discussed in 
geometry in terms of whether something is 'visually apparent'. 
SESSION 6 
Extent to which members are now talking about maths. with 
friends on soc~ occasions. 
Distress caused to Rosita when she did not understand something. t~) 
. 
SESSION 7 
Relation between concept and symbol. 
Relative and objective knowledge. 
SESSJON R 
'Demanding' situations (the issue of being judged) (~) 
- my bringing in paper and pencil as if for a test, or 
asking someone to explain to another. 
Test of understanding in defending an issue against someone 
known to be more expert in the field than oneself. 
Unwillingness to accept proof based on internal con£istency. 
Retention of earlier work. 
Time pressures experienced by those who see these sessions 
" 
as a last chance. 
Reinforcement by thinking about 1ssues between sessions. 
SESSION 9 
t-1ore concern wi th demanding si tuations. (~) 
An exploration of how many were still refusing to admit 
when they l-al not understood. 
Explanations of correct method not helpful 1n showing why 
one's incorrect thinking was wrong. 
View of teacher (or authority figure in general) as aiming 
to trick or embarrass one. (4) 
SESSION 10 
Conflict in mind as to whether numbers are fixed or 
variable. 
Tension at introduction of problem (~4Jason) charati!eri sed 
as 'logical'. 
SESSION 11 
Intensity of disappointment when confident of solution, 
which then proves wrong. (4) 
n 
~D c. 
SESSJON 12 
Reaction to test ~aper. 
Controlled calm and relaxed calm. 
SESSION 13 
The security of holding on to one point. 
SESSION 14 
Pressing on an earlier concern, which still does not surface. (~) 
Pleasure from slow pace which yet advances. Progress, not 
speed creates the pleasure. 
SESSION 15 
Pleasure at thinking way through then destroyed for oneself 
by belief that it was very simple anyway. 
SESSION 16 
Statement of positive enjoyment at working on problem. 
Level of absorption in 'relevant' problem and pure number 
one no different. 
SESSION 17 
Degree of upset over mistake. {If). 
Peeling of inertia and boredom expressed by Barbara, we 
attempt to analyse the feeling, but boredom difficult to 
characterise. 
SESSION 18 
Purhter talk on inertia. 
Example of reducing child to tears by timed reading test. 
SESSION 21 
Results clever, but a 'con'. Distrust aga1n. (~) 
Do variety of methods help or, confuse? 
SI~S~) I ON 2£ 
Inability to distinguish levels of understanding. 
Growing willigness to slow pace if necessary. 
-w 
SES~~ ION 24 
Pleasure at getting quick, even if instrumental understanding. 
Belief that relationally understood is still forgotten, but 
is perhaps easier to recall. 
SESSION 26 
Astonishment at clarification of mystery of logs. 
Symblos - "So much is going on there" - interiority. 
Statement of cutting out at one stage. 
SESSION 27 
Reactions when they are supposed to have read some papers -
frightened if not read, wanting to be asked if they had. 
More on what is visually apparent in a diagram. 
SESSION 28 
Negative feelings generated by formal language used in maths. (~) 
Undirected discussion on emotion - is it interpersonal alWayS?{~~) 
SESSION 29 
Pleasure at grasping something, and request t6 go through 
once more. 
SESSION 30 
What proportion of teacher out-put i~ received? 
Constant losing of aim in a problem. 
Difficulty of getting whole line of proof 1n ones mind at 
once. 
SESSION 31 
Schools knocking out 'commonsense~ way of seeing things. 
Insistence of single method as well as single answer. 
SESSION 33 
Understanding principle does not mean you can do problem. 
Attachm<l'lt of other fear to maths. at some stage. (~) \ 
SESSIONS 34-36 
Analsing shifts; some more confident, all have experienced 
some pleasure at maths. Still doubt about distinction 
between ability at reception learning and problem solving_ 
Note 
In chapter 6 we analysed a serles of si tuations In which the 
reason may be impeded by emotion. The numbers in brackets 
against some of the discussions just listed indicate that 
there was evidence in that session for one of these six 
cases. 
To reca~itulate, the cases are:-
1) The normal feedback from emotion in a standard learning 
situation. 
2) A 'pathological' response which does not allow thinking 
once the area is designated as mathematics. 
3) Outside matters causing the emotions to send signals 
which distract the reason from its task. 
4) Over emphasis on teacher approval. 
S) Misinterpretation of the teacher-pupil relationship. 
6) Transferred anxieties from areas other than maths. 
ELAINE 
j '~ rs. Elaine l lunfo rd is seen as a highly successful 
perc:on. I\ i t w(?nty sh e took a first in English, in 
her thii,t i. e '., beca)ll(~ headmistress of Central Foundation 
Gi.rls' (~ r;"'.rn nl (\l- '"J e llo o L, which she later led into an 
ama, tgal1l;).tio n with no\,vbrook School to form a comprehensive. 
<jhe 'Jrt S tI le " (',: J: )o intE:>d as a divisional inspector for 
the 1.1 , . L:. '\. '\ 11 lle ,'C career and personal presentation 
hetol en cn nl1.( \c:r C( '; i n h t:." r~-) E~lf. Yet throughout she 
suff e r p c\ fr , )111 on e a r (:::: a. o f deep insecuri ty that greatly 
colOllrec1 he 1- \UC-:: i,'.' of herself. She could not do long 
d j v ,' s i () n. I 1 s (~ n ! ~ .. \ j 0 k e , bu t the iss u e is t hat i t 
wa s not a i a ke to her. The inability to deal with 
sim ()Le a ritlunetic calculations was an intensely seri6us 
matter. It \/J ,\. S not helped by the fact that no-one else 
took it ;.:\t ,'.1 1 sr2riollsly. When we started these interviews 
J had k.nown t ' lrtin c for ten or twelve years. Initially 
I ha.d wonder-pel if lH~ r fear of numbers was slightly 
affecteri, but J. hi'ld soon rejected the notion. 
First lnterview 
\\Je t " 1 k eel ,=I i !:-, J r"l ; 11(' t S h o m\::': , s et tinq aside an hour, 
1. urlf ,; l l c\. t l W,lll ttl) get at particularly 1S this 
i (' l."ri f ic c. nxiety. 
Elain(' : Y(> s . 
La\lr1.r': l )() you f e 1 that at thi 5 moment?_ -
Elain~' : l; () , becau SP. I've made a conscious effort 
no t t r), because I was preparing for. you 
c om1ng. I thought ' Now I'm not going to get 
l1H-:' rvou s abou t somethin,g as irrational as 
this.' But I was also thinking how people 
b 0 0 s t about not being any good at maths. 
I"()W I've never felt like that Laurie. _I I ve 
always felt ashamed, it's always worried 
me. J've alwa.ys felt it was a worse weakness 
t h i\n in fC).ct it is. I have honestly thought 
I . '0\"/ c an ] la.y claim to intelligence when I 
C , .. n ' t ad rI lll-) c\. row 0 £ fig u res? It 
I.\t tha.t tiTl1 ( C\ ~ (-\ ss 111 rnathematics was almost essential 
111 ~~c hool Certifici'\.te if University entrance was in 
Vlew. Elaine did no mathematics after the fourth 
year, but with a certain combination of passes at ___ _ 
=_'?!-~. -..:..:.-=-=-... ;:;.~:;=e:'"":'= 
Higher Schools was able to avoid the mathematics. She md 
not liked her mathematics teacher, but it was not a 
very big 1ssue. In fact the teacher had been very 
sensible in telling Elaine that the arithmetic did 
not matter llluch if the method was right. 
~1any I )eo~ Le' rE'call 'cl purticularly painful episodes. 
ElCtinc remembered on ly one, where because her term 
anu PX.-Ull. IllC\rk s wc re so much at variance, that the 
teachpr haci )u bli lv accused her of getting her father 
to do t he h Ol1 :> I fo r l: . 
I a s ked L lr\illC ab _ut tim p ressureslwhen it might 
hav b en tt~r t o 1 t it ar~se. 
"Y~~ s, l th i.I ) · lll P \'0 rst moments of my school career were .~ 
ment fl l ari t f ' ne ti c t p s t <" which had to be done to time, 
and my f i\th f'[" 1 t ~) t r y to teach me my tables, quite 
often he wouLd , bp f o re I went to bed, jump through 
tablp.s •.. qu 1.\.'1< , quic !< .• 7x7." 
It was a l.) pa l e ntly the mere existence of a time limit 
that caused ~ roblems, even when it was a very generous 
one. 
Laurie: t~ Ll )pOslng I were to give you a maths. problem 
within your competence, and I said to you, 
I 1,0 tho :-,e whenever you choose. and perhaps -_ 
l' Ll see you in three weeks time', where 
t th e re l S obviously no time thing, you would 
f en ] Jr~ ssured by time? , 
Elain e : '{ ( ~ - , s 1 i (] h t 1 y • 
' ~ v (~ n if th e y are the sort of thing that in 
f ; \ c t W()U lel take you say twenty minutes and 
you hC\rl thre e weeks Lo do them in •••••• 
Elaine: rJ,E ~ ca.use I would begi1to build up such a 
dread about them, Laurie, that I would do 
them as soon as you had gone because -,- I would 
r c\ther do that than get worried about them. 
11\1 tit wou Idn' t be as bad a pressure as if 
you sC\i d 'Now I'm just gOlng to read the 
t)d>c r, ,\nd do them while I'm doing it, that 
wou 1 I mal e me 
-
really bring me near to 
tC? a rs Mn d J d n't cry easily - the feeling 
til e t I ' j o t to rio it within even twenty 
minutes e ven i f i t was something really 
y C>\ l 1 [l(~\\, .l c o uld do in ' five. 
~Q') . 
J ,aur i e: 
E l;:J. ine: 
And Illy ~)resence would make a good deal of 
rlifference one way or the other? 
YfS , i t would , though I'm fond of you, it's 
t i le ! )J"'<::'~:,0nc: e of the authority figure in the 
In ; \, t h s • S II b .i e ct. 
IJart of th e ratiCJnu.Le for talking to adults rather 
than childrC'n was that there wa.s not too great an 
ethica l ~rohiem in inducing unpleasant feelings. 
Laurie: 
Elai n(': 
Lauri~ : 
Elaine: 
If somebody snaps things at you what happens, 
c1() you go into a fog? Freeze? 
I feel my throat tighten. 
( s harpl y) 7x8~ 
Yes, thrtt's right, ny throat tightens and 
th e n J ca. 1m myself and I think, t I know that 
7x7 l ~ 49; all I have to do is add 7 - it's 56.' 
( III , SUt) l)ose I would say 56 in the end :;.,., 
wLthout working it forwards or backwards 
hlt thi\t' s how my father used to try to 
l~tLt th\' ;'\ 1. 1'1 thrOll(;Jhout her schooling was not the 
J ) 1 (\ ~ ; 11 r t-' () J t h p :; t u c.1 Y ,or any va ill e 0 r pu r po 8 e in it. 
1-, I ("\ 1. n r (' I ) l' e c; e n t s .-~ n ext rem e cas e 0 f t sit u at ion 4' in 
cll. 6., whe rE~ thp- i 11 ter l)ersonal and not the study is 
com ;)l t e l y clom inClnt. The next comment is one of the 
c: ct I ;- t t I1 cl t c 1) be imagined. 
~:laine : ( l , no , it was sim p ly to please my father 
01 li l y t e acher. But that was, as far as I 
w,~, ~·; c once rned what school was about. You 
w( 'n t: tl lrou g h meaningless hoops and they 
h, I(J PIE'anit l (] for rile because I pleased someone, 
:11\' 11 10 tl1 E'T s to ,)ped crying and my father was 
,)I ' "' C\ s <? (l . 
L,aurie: {" Il ei that was the total }Jurpose of the ' 
o ,) <? ration :' 
Elaine: Yps. 
We lookpd for things at all allied with mathematics 
that might interes t El().ine, and a link with S; 
f 
arosp.. c)E.condary school timetabling is a corrY;-ex 
prob I.e 'll, often delegated by heads to their head of 
math(!lnati..C f> . J ~ laine did it herself. 
Laurie: Yo u li.k e t i me-tabling? 
Elaine: o h , V p. S , ~7 e s , t hat's a ve r y po sit i ve pleas ur e 
t( l me . 
[li e c\ ctua, L arran9lng of the small squares, 
not ju s t (levising the curriculum? 
f~ lai rJ C : I ~oth. [ finllboth intensely satisfying, but 
th e c\ tlt ,\! l c-I.belling of the small squares 
fin( i . . • . I was 90in9 to say almost, but it 
1.. ~' , '- ,)llv s lca,l satisfaction. I get a physical 
, J 
glow as l rio it. And occasionally I'll stay 
h ) Ill e for one day to do it because I get so 
nl i\ny interru p tions at school. And I wake in 
til murning and I think, 'I can do the 
ti 'T1 E'-t a bl all day' 
-
J b (\. ' I ' i J. W (\ \". ) r', I It)' I ) c. . U 5 ~ I) f 0 n i n t ere s t 1 n 0 per a t ion a 1 
rese ;J..lC :l l. t ".) Uf)11t ' ,f t ime-tabling as rather mathematical, 
(a.nd tl1i s i ':.. a cry" lion i)f"~ rce ption). In exploring 
are a. s wi) i C II II I i. \1 h t 1 \ l ' t 110 U CJ h t rn a t b em a tic a l. • . • 
El rt ine: ')0 11 1 d y o usa y t hat time tab ling was? 
L .. a.u r i. <? : 
Elaine: alw(.lYC~ think it can't possibly have any 
rela.tionshi p with maths. because I enjoy doing it and 
d() i t We' 1 L • 
J\n int E:~rc~-; t i 11 9 resj )o nsE', showing great co()fidence in 
he'] (IWrl , . · ·~i I '.:':. t \.',1 i( ' n it was not something she considered 
TTl , t!}r ' lir\t i.c ,\!. 11('1. d. ttituues in and outside mathematics 
I : ' [ \ r i<: ( . I 1. Y l 1 i J f {' r !2 n t . 
.L\ftpI- () <li ~~ l : lIr~ ... iv~ chat <.\bout Greek civilisation, I 
Lauri P: Ii you tal - e the first few numbers tfulere 
t t 4, 9, 16 •... How big are the gaps? 
Ela.ille: 3 
Laurie: 4 and 9" 
Ell\in0: 5 
r .,\ \l r i (' : 
t ( lJ r" i ~: 
l) "IUj I () 
( '[), 7 - '1 f )\\' you see I've started worrYlng. 
"/!) , \ t '.'c nt to do wi th anxiety is edge in 
rn it. rf vou go into it, then I will detach 
Y)ll fr i'l Lt if possible. I3ecause, you cantt 
J-IO . 
lea.rn C).bout ','nat it 1S until you actually get at it. 
'~\]ell, on the' o ther hand if you get it too strongly 
it fini shes yo u, you get screwed up. The first gap 
was 3 and thp sec o nd 9 a p wa s 5 and the next one was 7 
and the g~l) l le twpp n 16 a,nd 25 is 9. 
EL~ine: ( ' 11! y(~S , r don't think that has ever been 
poi n t(,cJ Ol l t to JJ) (' - 1 t Inay have been ••• 
She was int(~ restpcl. The fact has intrinsic interest 
for many pe()ple, ho wever hackneyed it may seem to 
the l,nowl ec1qn.b le. 
13y th~ secon d int e rvie,,,, I had discussed panic wi th the 
grou l' . I 11(\< I returned wi th Elaine to the issue of time, _.l. 
and anothpr feeling expres sed by some that there was 
a mountain ()f 111i1.t pr iZ\1 vIThich could never be dealt 
with. J a ;-, I,, ('(1 if th (,lt r .:)"ng a bell:-
" No r it do ,'n' t rp(,. l ly, Laurie - when I try to think 
ba.ck t o ,i l, i l W ; \.; ; Cl. lway s that dreadful numbing pan1c. 
I r E'rnember distin c tly in one exam. knowing that I 
kne\\T how to do a ,J roblem or whatever it was and being 
qui t ~ ,)C\r ;\ lysed !;() that 1 could nIDt remember what -
I th i.nk it \IJ(}S s pvc n sevens , so I remember wri ting 
c10'VIl ~~ E'Vel) Ct'vens c\J1 d adding them up and getting 
stuc k two tllirds u[ the.? w '\).' up;: You know, thinking. 
'I'm not going to 9 t beaten by this, I can work out 
what seven s eVQn ~..; C\LE'. ' ~nd yet I couldn t t because 
of thi s ;).wftll )C\l1i.c. tJ i1en I came out of the exam. 
).11 ' 
I don't thirJi.. .. J would have been able to say 7x7 = 49 
bu t I wou ld h,:~ve been able to add up seven sevens. 
It' s th e h y <.. b~ri z\. tha t ] think about, because the 
ho me worl' 'No:'; (J [ten E.a sy - it's linked wi th exams. 
t .] II C e r . cu. n .. y • 
I was p n cou[<lged th('l. t EL)..ine had swept a~ide a suggestion 
of mine. TIH~ d an~~ e r of qetting back what has been ;~4 
1n is eviden t. It 1 S lessened by dealing with stron~ 
adult s , ~n (! ther e 1 S much evidence that ny views 
werp not alw2Ys accepted readily. In the reply just 
quoted she VJi\S clearly remembering vividly the emotions 
of t.h<'l t til 't:: , i=\.n cl tIle fact that they are remembered 
so i s an in d ica tion of their intensity. We went on 
to discuss tile physical symptoms and arrived at the 
5ur p rls1ng conclusion, mentioned in the third chapter, 
that tIle), \'rcre v e ry similar to those she felt 
conccrn1ng a much more serl0US matter - ' the much 
delayed return of her husband Stephen from abroad 
and h e r intense fears for his safety. • . 
Jt i s ~> tr c.u1 <Je tll i=\.t an yon e should see ability at 
111i\i..IlCn1cl.tic s ;1.5 rp. l ated to personal worth: the following 
Lauri. c-' : I '0("- th e.' T1i\ths . thing threaten part of you 
J. n c\l1y \ '\,V ( 
(1 '_) 110 p(\us~) ...•. self-respect ? 
Laurie! (' s . (ou :11(:n tioned 1.n the first interview 
YO ' l fel t shaliled . 
Eluille. ()r \I( ". 
Lauri e: '.() " \"11 .'1 t O(JP s shame mean ? In re la tion 
Elaine: Ln feriori ty. [)isgrace. A low opinion of you 
Laurie: ) 1. I e rhi.l)S tlle t hrea t was of dimini shing 
- 't' : l .I n ()t' l'? r c:. ' n\/es Am I 
- <':.l' - • • •• I'm leading 
Elain0: l r]o n't t ill' r1 ! ( 1.' twa s 1. not her s ' 1· t ' • • • s 
Yet j t n<c~p.d(-'d to be made clear to others that she 
Laurip: YClu'11 fee l intj-)elle<.l to tell them. 
Elaine~ UIl, yes, oh yes, ;.>uri tan. 
J .auri e: '1 mus t be s-'cn how bad I am.' ? 
Elaine: . "ou see I always th1.·nk '-' (' :-0 , certc\l.nly. l 
)c · l .) l.e tI Jin~( too "veIl of me and it is 
ll :l )ort().l1t to Il le that they shouldn't like 
In(' for tlli.n<] s th , t r believe I do not possess 
<\11 ( ] the)' thprefore must not think I am 
j TI te II i ~ l p nt ur I11.Ce or the things that 
i )(' () )i(> 1 C'1l(1 to think I am. I have to go out 
of !ily Wc\y to ~rove that while I'm quite 
LIlt e 1 l.i ~J en t I' Inn 0 t ve r yin t e 11 i 9 en t ; 
w1l0r {\S, yes, l've got a kind nature, I'bi 
La.uric: 
EJ.Cline: 
Laurie: 
Ela.in : 
cc\ ; lah L(~ f) f very unl->leasant things and 
tllerefo ::.'e if they think I I m a good head 
i~_i~.2:!11portant that they know that I can't 
adel u p . That's pu tting it rather crudely, 
th(=\.t is E')~r\ctly what I feel, as far as 
ll\ngu;:\<]f> can c onvey it that's what I feel. 
: lon' t yO'll S""~ the\. t sometimes other ,people 
llncl('r(;i.~ncl : lL that, don 't necessarily agree 
v:] ti, vour ilssessment of yourself - and like 
Y('U 1 ( ) J: 
YI '; , til, l mo.l~es me all the angrier that I 
C'\I'") , t (jpt it into their heads ••••• 
TI 13 t you ;lre not as you seem ••• 
~1C\.th(,Jn(\.tics se e med to t> Lay an important part in Elaine's 
view of her s elf . 
Laurie: 
Laur j (': 
E ll\1.tle: 
Lanrl.E': 
I.:. l ,\ i '1 ( 
•. .. if maths. demonstrates to you - to yout 
Sc4.. t .i sfaction - tllat you're not intelligent 
r t ' =-. th e thing that really confirms ••••• 
that you <"re not intelligent. 
yp~ , Vp'C",. 
t t , ~ - no ,\ l~CI)tC\ble that I think you're 
: lo w cOlli t\ 'ou if I ' Tn that much brighter 
I (' 11l\n you. 
~14 . 
This obt ru <lil'lJ c)f h(~ r inability to do mathematics 
had been cl1.-1. rac h .. :' ri s tj c of El ai ne since I had known 
her. :-:uch l; ta .. t p.n1E:llts C\.S t he u nde r lined one about 
heinq a gOO(i h'2ad vvc re treated by mos t people with 
casual c-lf:l i l SE'I ' I<?l1i: , hecause it sh'..Jwed such imbalance. 
Yet Lt \'!a~..: rJ(·t () ut (If b(~l ancp to her. Her failures 
The next ,) ;. \ ~ :;;)()(: 1 '. i.l vr:>ry significant one. At a 
crucLC\l st;-I ~ J~~ , 1»)1 i\ lucky ch a n ce , I dispel the panic 
a s i t ::~ 1 i, :;i ll g . The' J S~~ U (lS of tilde and authori ty, 
w hi e h \\1 e s h (\ ! 1 l. ;\ t t~ r s ee as c en t r a 1 , are bo t h pre sen t . 
The rE-'l ea~',e o.f t ime pres sure and the lack of crossness 
of an a uthority fi9ure trigger an important change. 
I , auri.~' : 
I ~ 1 1.IV~: 
1 'el like to see if you could do mental 
tlLitllll\pt i c .... in the sense of doing 
S()III~~tl\i[jg in your head, but something that 
(I()( !~~ nut just involve recall. So supposing _ 
1 (-\.s k~ ·' cl Y Ii for in s tance, what's 15 x 12 ? 
C 11, [ cou 1 d n 't 1)0 s s ib ly do it. 
[\r )t in your h e a d . 
j"O . I vou 'l el I) ;.\ve t o say 12 x 12 = 144 and 
11 1- i_ t C? i t cI () \ .' I! d , n d <'1 d don the a the r s, 0 h I 
C'. l l ,\)U ~l' t~ H ~ next step would be •••• you don't 
1 a.rn ~ .•••• How many 12' s did I I 1. nd h ow s low r 
..-.:.:....::-:---------------:....---
I U tl say 
Lauri e : 1 :5 . 
lS. (mumbl es ) .•.. 144. Oh, I can't do it, 
1 c~n ' t carry the, you know, the one on. 
)Ib. 
, I, t you ;,rf' doing lS visualising the pencil 
I~ 1 ai n.:: : y\ ~ , \' ( ''-' , ] su e pxa.ct Ly what I am doing. 
Laur i.e : A t l'l thc:d'~ wtlt,t )()u b e lieve mental arithmetic 
1--: Laine: \ \; ( 1 l, 1:"C'll(, !T lbQL" when I did mental ari thmetic 
k!1('\'J L l c;houldn't be. I knew it should be 
il )~·trl llt rpca.ll. 
, . 
LA"lU r 1. €' : ;~ '" nn. instant reca] 1 is for facts, not 
f ,- lr c,:\lC\l LZ\.tions. SUPtJosing I said 87 and 
1 ,-
. t, lry it. 
Elaine: 1 ') ~ ~ 
I,aurie: ! low di d you do i t 7 
Elaine: '\.((dec} 1 () and t hen added 5. 
Tauri(- : Now that isn't the way you were taught at 
I~lai[)( : ~ :-,.., no th,'). t' L; the way 1. protected myself 
i~adeguatel~ but that's the way I taught 
III \,~ . eLf t l.' do it. 
LC\.u r i ( : 1 t ' s t 1\ IVc\Y (vcrybody does it. 
EJaill C:' : r . t ·1. ., ( h .... 
[.,, (1. t \ .r L .1: l\J: IV ~ re ttlrn to the other one, and you had ••• 
V(Ju ' cl Clot 1 ·)4 and you'd got 36. 
1--: 1 c ill E' : 
1.l.l1ri..<:': '\ rId you ') roc ~~ E: d edt 0 set ito uti n you r 
Illj net, you tried to l)icture it ••• 
Elaine: Instead of C\.uding 44 and 36. 
L UrlE': ',\n you rio t ha t 7 
11; . 
Elain e : I .,u thAt'S. 
. . . 
r~urif~ : 
. '(' hu r ry •.•. 
Elaine: 0 ' ) 
Laurie: ~ ;o what are 15 twelves? 
Elaine: l P, () . Now I did that quite calmly. Now you 
k.llOW wily I did it calmly, it's because you 
<; (l i ( ! 
.In that nice voice, 'No huocry' • That 
'\1;\::; the k{;?\,. 1 b' 
7 was eglnning to get panicky 
\l lW if VOli h;.ld said 'r >on' t worry' , that 
\vC lI l lrln' t hav (-> lflattered, but you said 'No . 
~lur ry'. You ~ a id it ih a kind way. 
In fctet, ;\ qrf' c-d : d e al 15 said by Elaine in those last 
two lines ,lbout thE' 1!l0chClnisnt of ranic. We shall 
short.!.v uursul ' the 'crossness' in greater depth. 
[ . h;\ (' / beC'11 vcrv t 2 ntative with me for a long time, 
because :;he CXI)(~cted me to show anger, and in fact 
had a drearn in which J did so, which enabled - her to 
think 'So that's what he is really like.' 
At the end of tllis j)articular interview with Elaine 
we returned to talkin9 about the mental arithmetic • 
.. .. I,Pcau se 1 felt just the very beginnings 
Of) L'J , ct <Jhnst of I)(\ nic - and it went, linked 
IV i th F\. c o nf L(lencp. that you weren't going 
tn t hink 'y _<.!ly of inc for being slow. 
Laurie: No. • •• ~VE' 1 1, t /);\ t ' s very ambivalent because 
you (lo r'!.' t W t\11 t me to think badly of you, bu t 
hI 1 t \ '011 \'\'(In t me to kllew how b ad you are. 
Elainf"': V ~ '~ 
- -' 
that's l't exactly . That's what I want 
l)l'oplp to cia. 
I gave l-\~r two wooel -block puzzles (described on p. ')4~1) 
She seemed to welcome then, and admire their shape • . :.: 
V-Je now established a new element in the methodology, ' 
and between interviews wrote independent comments on ~; 
the last se:-,s ion,. E laine described how she had added 
up the of a few items in a supermarket; and -
then d i rl ,-\ ~ - I1ta 11 s um every day. 3ucces s left her 
positively FUi)horic. 
I, ~J(? ll lovcd .rU t ther 1 n Ci=\ Lcu l.:J.tion in the next seSSlon 
and l:- ] (1, irH' • 11"1 1, er iA'o rds 'reacted with far more 
st re lHJ t il'" ) (' t; sOlnc tlJin~J happened in this interview 
whi.ch \V(~ <.,() l \ l , i not 1 (l. ter track down, co()cerning her 
relatio ns Wi. tll h e r I>a rents. The mathematical work was 
on vi s ualising a cube, in which she was successful. 
I\t the en 1 nf th interview she reinforced the earlier 
concern (~c' rhaj>s related to early parental attitudes) 
El aine : \)0 you know, as you're talking I f_~m finding 
"th " iL remC\rk.abl e that you're not cross Wl me. 
t" Y n () t ~ S ,\ fIE' r till. s in t t' r view in d i cat e d g rea t pIe a sur e 
t tll( adv, IICE!S made. l ~laine ' s showed great turbulence 
b o u t hC'("' I> f~r(~nts , I )le sure at a wooden puzzle, and 
"Tables are soon not gOlng to frighten me any more 
and they arf-! not ,In important part of maths. anyway" 
"If I overcome III \, 
-' feelings of inferiority over maths. 
how an J (lU tTl'] tr) ' s top feeling superior' 7" 
"J 'VE' \'; d.S l(. ~ yC?(\rs of my life over a chimera! It 
doe~, n' t 1<\;\ t tcr \'o/he tller J can add up or not." 
"TowC\rcl ~', tlw cnd of the seSS10n I found myself wanting 
to nr (:;\.';1) 1 ;\ ·1 r.i (" :::~ ;\. rJn and say 1n an almost grovelling 
b\l1: ~; t ()( Cll) ti.on , 'rhi'lnk you, thank you, for not 
heing ero s'· !'. Ye t] don't remember anyone actually 
ever bpinq ~)O - Ilinre puzzled than CI!OSS. 
"!)ifferencp 1n my vocabulary between fear and panic. 
Fear is oOlltrollable. It can't be obliterated, but it 
prompts a.ction and can sometimes sharpen intellect. 
')anic inhibi ts rationali ty completely. It is entirely 
a 9ut fee1in9 and shatters both intellect and personality." 
! lost of wh.:".t lS im i)o rtant to this thesis has now been 
brou (.l Ilt Ott I, r.\ L t llouCJl \ the re is a weal th of other issues 
til, t cou I <I be"' 1)\1 ~' u(' ci , <"\S I ~ laine became stronger, and 
ov€,rCl\ll\p tll;~ nv () r th(~ hurd Les she had baulked at before. 
Th re Wl\ S ,\ sellS' of \v.:\i ting 1n the two interviews 
Lefor we tacklEd the dragon we knew we must face -
lonn div.i.~. i.on. 
I r r t ll r: r 'll1,I, 11.:::! r; O i!lCl If)n~~ division , wh ich Elai n e 
£Oll d r(! c\~ , 'lr l n(J , I;U1: Culnl ,lenteu tha t if I wan t ed t o 
E1 Cii n~: 
Lauri e : 
Elaine : 
("'auld take off o ne 1 0 at a ti me, 
1'0 you k now , I 've never thought that that's 
\'j l l Ct t di v i s i o n is. 
Yo u'd n e v e r thought that division was repeated 
<;u l>trac tion ~ 
),' p v c' r. 1 thought that mul tiplication was adding 
I Ju t J' vc never thought of division. That's 
whv 10no (I i_v i s i o n h a.s always d e feated me because 1 
i), rl n' t k no wn wlla t I was doing. Do you follow? 
U l FI) t . \ C 1 r:.\ I J- f S (Li v i dcd lJy 29 , a nd said again that 
W8 \...:o u 1 1 t ;, I - I"' (\ \ \' , '1Y o n e ~~) (-l, t 2.. t i me. 
f ~ 1a Ln(': Yu u I v (? n r) i.d c; a h o w reassuring that is to me, 
l. h .) t th p r e 1. S a way to do it, however long 
.. . . . . \lie ll it' s what you said, it's the first 
. ' t 2Jee 1 p ut in, if all else fails I can do 
l_t tha t way. 
1 \"cut nt) tn S,l ~' t h (\ t j t made life simpler to take off 
1 (1' (1 r Ill tn '(S , ra th er t h " n one at a time. 
}11Y (Ii,l!] ' t 1 see tha t, I wasn't a fool, I 
'~ lI :, )I)OC.C (\(J,\in 1. t ' s ju s t emo tiona l blo ckage 
\. ' ( \ S t()) ir i.ghten ed t o think abo ut it. 
I,ve mov ed on to ;-\ 110 r e diff i c u l t one, and sudden ly she 
s a i d ' I di (1 th(\t in my mi nd b e f o re you did it, I 
under s t a tH I!! ! 
There i s ~lJucll Al se , but this is a good place to stop. 
The chang e i n a ttitude wa s what was important. Not 
much mathe ll 1(\t ic s Ifli-\ y h a ve been learnt, but two great 
horrors, thf! tables and long division were seen for what 
they w~~ r e . 
Lat ('r , Ul t ' l(~ r:- ll l rJ 'np l" t erl1l ~ a fter s e veral months in her 
n (~ \'\1 j ()b , 1 1 ;-', i n( -' [,,--c pr] .... '\ s i tu a ti on , totalljr1unconnected 
wi th ril c\tll n l., :L1: i c s , iJJ ~"hi ch s h e f e l t some uncertainty. 
~ h(~ s u cl' lt-'Ill v thn l i c J I I L~ I • • • il n d I e x pect I can't do long 
u :i v i , i ,) n ;-\ r ) \ I ! II ( ) r l • 
So S llE' I,vent ho me , f o und sh e could, and was settled 
ag(lln. 
APPENDIX D 
ADDITIONAL MATERIAL ON Ef\10TIONAL RESPONSES 
V.JORKING ~vITH LARGE GROUI)S 
Additional material on emotional responses, working with 
large groups. 
Four separate occasions are recorded here. They are in 
slightly different contexts, and there is some variation 
from the experiment discussed in chapter 8 eo One theme, 
that of an authority figure threatening a test, with a -
time limit, ran through them all. They confirm the 
result of the experiment already reported, and are included 
in the general assessment of the results which appears 
in chapter q . 
The first one of this four (Table A) shows the responses 
of a group of teachers on another six-week course at 
a mathematics centre. The audience was therefore similar 
to that of the one , described in chapter g.1 They would 
be interested but not necessarily confident in mathematics, 
perhaps with no formal qualification, but with experience 
of teaching it at primary school level. They would have 
been conscious of my position as Staff Inspector. 
In this table the last two columns are those corresponding 
to the earlier experiment. The middle one, therefore, 
is the reaction to the threat, and the last column that 
to the leisurely work on the cube. The first: column -=- -= =~: =z- -. : ':.. -
has been retained: it was part of my experiment on tha~ 
- -
occasion. It is therefore necessary that I eXplaih it; 
I present~d tlle rules governing fractdons (trea.tQd a.s 
number couples) in a very formal way, not even_explaining 
that they were fractions, and refusing to answer questions, 
merely tellin<J them how to get the answers. The point 
was a discussion of instrum~ntal and relational understanding 
and the reactions those to good-humoured but totally 
instrumental teaching. 
Table R records the reactions of an exactly similar 
group of teachers to an experiment exactly in line with 
that in chapter g ~ 
Table C shows reactions to just the first part. The 
teachers were also on a six-week course, concerning _slow 
learning and difficult children, had not necessarily 
any interest in mathematics, :and may have been none.too 
pleased at having to discuss it. 
Table I) shows the relevant experiment (the one with a 
threat) in a series concerning emotional reponses, of 
which the others are outside the scope of this thesis. 
This took place on a three-day residential eo~_rse for y:::; 
teachers holding posts of special responsibility for 
mathematics in primary schools. They would therefore . : 
have a kE'pn interest, but not necessarily much in the 
way of formal qualificatio n in mathematics. 
.-- =-
Table .'\ 
Uneasy Blind panic 
Confused Fear and panic 
Non-comprehension j)anic 
Irritating 10rrifipd 
Why'? Horror 
Disorientated Oespair 
Rubbish Please sir, I 
Initial 
satisfaction, 
like doing (\n 
easy 
crossword, but 
sterile. 
NuisancE' 
Apprehension 
Suspicious 
Golly 
lIelp! 
Pointless 
Interesting 
feel sick. 
I? e ,- i 9 n ,or 
Uh hell! 
Helll 
l )ismay 
Dismay 
Vvish I didn't 
come. 
t-ly God 
Some anxietyl 
Very scar1.ng 
A dream - blissful. 
A quiet unhurried walk 
. 1.n my head. I must 
go there again sometime. 
Restful 
Enjoyable 
Challenging, satisfying 
Irritation 
Relaxed interest 
Too much time allowed 
\vould have preferred 
to check ideas with 
real things. 
Quiet. 
Vulnerable. 
Too slow. 
A headache. 
Sorry, can't do it. 
Easier except for the 
last bit. 
Stimulating 
Hard thinking 
Table A (continued ) 
Interest (why?) 
Meaningles s 
Nervous 
Pointless 
Confusion, 
frustration 
Confusing 
Boring 
I do no (: 
unc1c rs t i\nd 
what it i s 
all about. 
Happy 
Interested 
SO? 
Insufficient 
reasoning. 
Po i n t 1. e s s . 
aagh 11 
Pear 
Fear 
Fear 
Thr.~atened 
I,\lo rry 
Irritation 
Annoyed 
Total non-
c o operation 
Arrogant sod. 
A.O.K. 
Bored - too slow. 
Better, though I was 
still worried about 
being right. 
Relaxing 
Interesting in 
perception. 
Peaceful 
Thoughtful 
A tax on the memory. 
Interested 
Peaceful 
Interested 
Peaceful, tr~qui~, 
relaxed. 
l:lh . 
Table B 
Panic Relaxed, able to concentrate more, 
and 'see' problem. 
.l'l.; . 
Panic/confusi Iq ktelaxed 
Panic!!! I ~onfident 
Panic TJi f ficulty in concentrating on 
the cube. 
Was not her<?, Lut (a) Initially v. worried at idea of 
would have b~~n ! 'arne. any mathematical problem. 
Anxiety 
Threatened 
Ap pre h e C) s ion 
Worried 
(b) Slightly unsteady at beginning of 
visual working out. -
(c) Eventually quite enjoyed. 
A feeling of really looking at a cube 
for the first time. I could 'see' my 
hands performing the various tasks 
and satisfaction with my answers. 
Would have found it helpful to be 
able to draw diagram of last problem 
after attempting to visualise it 
(unsuccessfully) 
1 was able to see (almost feel) 
the cube immediately, turn it in my 
mind and 'see' faces, co~ners and 
edges easily, and then split it 
into 27 smaller with one in the 
middle unpainted. I enjoyed it. 
A very comfortable feeling of knowing 
the cube and a gradual growth of 
confidence in completing the tasks, 
also pleasure at not having to 
Table B (continued) 
Nervou s 
Collywobbles 
Fear 
Apprehension 
Guile 
Amusement 
produce the answers, although I 
was memorising the numbers. 
I don't like having my eyes closed _ 
embarrassed. 
r~estful 
I found the length of time given 
was more than enough and this gave 
me confidence. 
Quite relaxed at first. Found 
beginning easy. Began to ~e too 
relaxed and so found it annoying 
to have to work out the more 
--.,. 
complicated sections at the end. 
This imagining reproduced the way 
in which I rely on doing my own maths. 
problems in real life. I like to 
shut my eyes, turn the idea round 
and up , and down, and then feeling 
certain of what my opinion of the 
answer is based on. 
An enjoyable experience! I now 
really understand all the features 
of a cube. The beginning was easily 
understood by me, the middle tasks 
more difficult, but the last task 
I understood and enjoyed my 
immediate answer. 
Table B (continued) 
Equanimity 
Resignation 
Disbel ief 
Absent 
I\bsent (hated maths. ) 
Absent 
Absent 
Too protracted, frustrating - not 
enough activity. Attention wandered 
to driving a fast car. 
Interest, eagerness to do problems, 
admiration of the new teaching ideas, 
impatience wuth the slowness - and 
disappointment of no feed-back of 
praise. 
I mpatient to get on when I hhd reached 
an ~nswer and next part had not beQn 
g1ven. Gould have drifted off to sleep 
in the waiting periods. 
Slightly. apprehftosive towards the 
end, but excited that I might be 
able to do it. 
Comfortable process of imaginigg the 
cube. I found it easy to do each 
action, and if anything, was slightly 
impatient to get on. 
Bored - gaps between questions too long. 
Puzz lement - in construction 
Satisfaction - after construction 
Realisation - when it began to perform. 
Table C 
Anxiety 
Pressure 
Appreh0nsion 
Appr.ehension 
Apprehension 
Uncomfortable 
Uneasy 
Blank 
Relaxed 
Interest 
Great 
Good/Elation 
Excitement 
Pleasure 
130 . 
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Table D 
-
=--=--. 
~t Panic. Doom. Help. F' Apprehension 
F Panic H Apprehension 
F' Panic F Anxious 
H Panic M Worried 
-0 F Panic F' Worried 
-
-
F Panic F Uncomfortable 
F Horror It Hotness 
F Horror M Why? 
F Help~ M Uncertiln:ty 
~1 He- Ip F Doubt 
t--1 Ugh M Not . aga1n 
F Sick F Antagonism 
F Good Godt F Defensive 
F Fear and trepidation F Interesting 
F Surprise - -M Fear ~ = ... -
: 
-
-
M Surprise o-M Fear 
-
- - - -
-
~ 
F Ant!cipation- -F Fear - . 
-
-
- - I 
F Excitement . F Fear -. 
. 
~-- ,,-
M Fear H Excitement -
F Excitement --
M Enjoyment 
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